Achieving high groundnut yields: proceedings of an International Wrokshop, 25-29 Aug 1995, Shandong Peanut Research Institute (SPRI), Laixi, Shandong, China by Gowda, C L L et al.

Citat ion: Gowda, C .L .L . , N i g a m , S.N. , Johansen, C., and Renard, C. (eds). 1996. Achiev-
ing h igh groundnut yields: proceedings of an international workshop, 2 5 - 2 9 A u g 1995,
L a i x i C i t y , Shandong, Ch ina ( In En summaries in En , Ch.), Patancheru 502 324, Andhra
Pradesh, Ind ia: International Crops Research Institute for the Semi -Ar id Tropics, 300 pp.
I S B N 92-9066-350-2. Order code CPE 105.
Abstract
A n i n t e r n a t i o n a l w o r k s h o p w a s h e l d a t t he S h a n d o n g P e a n u t Research I n s t i t u t e ,
L a i x i C i t y , C h i n a , t o r e v i e w a n d d o c u m e n t ava i l ab l e techno log ies t o ach ieve h i g h
g r o u n d n u t y i e l d s , o b s e r v e m e t h o d s t ha t h a v e b e e n d e v e l o p e d a n d a d o p t e d i n
S h a n d o n g P r o v i n c e , a n d d e v e l o p p l a n s t o ach ieve s i m i l a r y i e l d s i n o t he r c o u n t r i e s
i n A s i a a n d e l sewhe re . Represen ta t i ves f r o m 1 3 p r o v i n c e s o f C h i n a , I n d i a , K o r e a ,
M y a n m a r , T h e P h i l i p p i n e s , T h a i l a n d , V i e t n a m , a n d Z i m b a b w e , a n d I C R I S A T
a t t e n d e d t h e m e e t i n g a n d t o u r e d areas o f S h a n d o n g t o see the techno log ies i n
p r a c t i c e . Pape rs o n a l l aspects o f g r o u n d n u t p r o d u c t i o n are i n c l u d e d , w i t h
a d d i t i o n a l abs t rac ts o f pos te r p a p e r s , a n d s u m m a r i e s o f W o r k i n g G r o u p
d i s c u s s i o n s . A l l p r e l i m i n a r y p a p e r s , abs t rac ts , a n d d i s c u s s i o n s u m m a r i e s are
p r e s e n t e d i n E n g l i s h a n d Ch inese .
The v iews expressed in this publ icat ion are those of the authors and not necessarily those
of ICRISAT The designations employed and the presentation of the material in this
pub l i ca t ion do no t i m p l y the expression of any op in ion whatsoever on the part of ICRISAT
concern ing the legal status of any country, terr i tory, city, or area, or of its authori t ies, or
concerning the de l im i ta t ion of its front iers or boundaries. Where trade names are used this
does no t const i tute endorsement of or d iscr iminat ion against any product by the Inst i tute.
Note -There is an error in the footnotes on the first page of each paper in these
proceedings. The sequence of the editors in the citations should be as printed above.
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O n b e h a l f o f t he G o v e r n m e n t o f Q i n g d a o C i t y , I w o u l d l i k e t o e x t e n d the w a r m e s t
w e l c o m e t o t h e sc ient is ts f r o m a b r o a d a n d a t h o m e . I a lso w i s h t o express m y
a r d e n t w e l c o m e t o t h e d i s t i n g u i s h e d guests f r o m the C h i n e s e A c a d e m y o f
A g r i c u l t u r a l Sciences, t he G o v e r n m e n t o f S h a n d o n g P rov i nce , a n d the S h a n d o n g
A g r i c u l t u r a l D e p a r t m e n t .
Q i n g d a o C i t y i s t he m a i n g r o u n d n u t - g r o w i n g r e g i o n i n S h a n d o n g P r o v i n c e .
G r o u n d n u t seed o i l p r o d u c t i o n i n f o u r o f t he f i v e c i t ies a d m i n i s t e r e d b y Q i n g d a o
C i t y i s a m o n g t he f i r s t e l e v e n i n C h i n a , a n d o f these, P i n g d u i s r a n k e d f i rs t . H e l d
i n Q i n g d a o th i s w o r k s h o p w i l l m a k e a g rea t d i f fe rence t o the p rog ress o f
g r o u n d n u t p r o d u c t i o n i n o u r r e g i o n . Please feel f ree t o g i v e u s y o u r k i n d adv i ce .
A t the s a m e t i m e , I h o p e t h a t n e w a n d e v e r l a s t i n g c o o p e r a t i o n i s es tab l i shed
b e t w e e n Q i n g d a o a n d t h e research i n s t i t u t i o n s a n d sc ient is ts a b r o a d a n d a t h o m e .
I w e l c o m e e v e r y sc ien t i s t a n d f r i e n d t o h e l p g r o u n d n u t p r o d u c t i o n , a n d t o t r a v e l
i n Q i n g d a o .
I w i s h the I n t e r n a t i o n a l W o r k s h o p o n A c h i e v i n g H i g h G r o u n d n u t Y ie lds




T h e I n t e r n a t i o n a l W o r k s h o p o n A c h i e v i n g H i g h G r o u n d n u t Y ie lds i s b e i n g h e l d
he re i n L a i x i w i t h t he s u p p o r t o f t he C h i n e s e A c a d e m y o f A g r i c u l t u r a l Sciences
(CAAS) a n d c o s p o n s o r s h i p o f t he S h a n d o n g A c a d e m y o f A g r i c u l t u r a l Sciences
(SAAS) a n d the I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r the S e m i - A r i d T rop ics
(ICRISAT). O n b e h a l f o f SAAS a n d m y s e l f , I w i s h t o e x t e n d a v e r y w a r m a n d h e a r t y
w e l c o m e t o the sc ient is ts f r o m ICRISAT, I n d i a , K o r e a , M y a n m a r , P h i l i p p i n e s ,
T h a i l a n d , V i e t n a m , a n d Z i m b a b w e , a n d f r o m 1 3 p r o v i n c e s o f C h i n a . I w o u l d a lso
l i k e t o express m y a r d e n t t h a n k s t o o u r guests f r o m C A A S , the G o v e r n m e n t o f
S h a n d o n g P r o v i n c e , a n d f r o m Q i n g d a o , P i n g d u , Z h a o y d a n , a n d L a i x i C i t i es f o r
t h e i r a t t e n d a n c e a n d earnes t s u p p o r t t o the w o r k s h o p .
I t i s w e l l k n o w n t h a t g r o u n d n u t i s o n e o f t he w o r l d ' s s tap le o i l a n d i n d u s t r i a l
c rops . T h e r e f o r e , a c h i e v i n g h i g h g r o u n d n u t y i e l d s p l a y s a v e r y i m p o r t a n t r o l e i n
t h e i m p r o v e m e n t o f h u m a n n u t r i t i o n . B u t there i s a g rea t i m b a l a n c e i n g r o u n d n u t
p r o d u c t i v i t y b e t w e e n c o u n t r i e s a n d reg ions , a n d b e t w e e n areas w i t h i n C h i n a .
O u r p r o v i n c e , S h a n d o n g , i s the m a i n g r o u n d n u t p r o d u c i n g - a r e a i n C h i n a a n d
r a n k s f i r s t i n t e r m s o f area s o w n (74 000 ha) , y i e l d (3.5 t ha - 1 ) , a n d o u t p u t . O u r
e x p e r i m e n t a l resu l t s s h o w tha t the g r o u n d n u t y i e l d p o t e n t i a l can be as h i g h as
10.5 t h a - 1 . I t i s poss ib l e t o rea l i ze h i g h e r a n d h i g h e r y i e l d s a n d to ta l p r o d u c t i o n b y
c l o s i n g the g a p b e t w e e n f a r m e r s ' f i e lds a n d o u r e x p e r i m e n t a l f i e lds . I a m
c o n v i n c e d t h a t t h i s s i t u a t i o n i s the same a l l o v e r the w o r l d .
T h e sc ien t is ts here are spec ia l is ts , w e l l - e x p e r i e n c e d i n basic g r o u n d n u t
research a n d t e c h n o l o g y t ransfer . T o d a y y o u h a v e h a p p i l y g a t h e r e d u n d e r the
s a m e r o o f t o e x c h a n g e ideas , a n d t o l e a r n h o w to h e l p each other . I am sure tha t
t h i s w i l l p r o m o t e the p rog ress o f t he sc ience a n d t e c h n o l o g y o f g r o u n d n u t
p r o d u c t i o n i n the w o r l d . T h i s w o r k s h o p w i l l a lso b r i n g a b o u t a g rea t a d v a n c e i n
g r o u n d n u t p r o d u c t i o n i n S h a n d o n g . W e w i l l l e a r n m u c h f r o m y o u . W e t h a n k y o u
f o r y o u r a t t e n d a n c e , a n d w i s h t h e I n t e r n a t i o n a l W o r k s h o p o n A c h i e v i n g H i g h
G r o u n d n u t Y ie l ds c o m p l e t e success.






T h e f i r s t sess ion o f t h e I n t e r n a t i o n a l W o r k s h o p o n A c h i e v i n g H i g h G r o u n d n u t
Y i e l d s has c o n v e n e d i n L a i x i C i t y , S h a n d o n g P r o v i n c e . T h i s w i l l b e a v e r y
s i g n i f i c a n t w o r k s h o p f o r C h i n a , a n d espec ia l l y f o r S h a n d o n g P r o v i n c e i n t e r m s o f
p r o m o t i n g g r o u n d n u t research , t e c h n o l o g y exchange , i n t e r n a t i o n a l exchange ,
a n d c o o p e r a t i o n . O n b e h a l f o f t h e Peop le ' s G o v e r n m e n t o f S h a n d o n g P r o v i n c e , I 
w o u l d l i k e t o t ake t h i s o p p o r t u n i t y t o e x t e n d m y w a r m w e l c o m e t o t he sc ient is ts
a n d expe r t s w h o h a v e c o m e f r o m ICRISAT A s i a Center , I n d i a , I n d o n e s i a , T h e
P h i l i p p i n e s , M y a n m a r , S o u t h K o r e a , T h a i l a n d , V i e t n a m , Z i m b a b w e , a n d the
C h i n e s e A c a d e m y o f A g r i c u l t u r a l Sciences, a s w e l l a s t o those w h o h a v e c o m e
h e r e f r o m o t h e r p r o v i n c e s o f C h i n a .
S h a n d o n g i s o n e o f the b igges t a g r i c u l t u r a l p r o v i n c e s . As a m a j o r e c o n o m i c
c r o p , g r o u n d n u t p r o d u c t i o n has p l a y e d a v e r y i m p o r t a n t r o l e i n o u r p r o v i n c e ' s
a g r i c u l t u r e . T h e G o v e r n m e n t o f S h a n d o n g P r o v i n c e has c o n s t a n t l y p a i d m u c h
a t t e n t i o n t o g r o u n d n u t p r o d u c t i o n , a n d has i m p l e m e n t e d a ser ies o f po l i c i es t o
s u p p o r t research a n d i t s a p p l i c a t i o n . These po l i c ies i n t eg ra te a g r i c u l t u r e , sc ience,
a n d e d u c a t i o n . By m a k i n g t he best use o f a l l advan tages , a s teady increase o f
g r o u n d n u t p r o d u c t i o n has b e e n g u a r a n t e e d . T h e la rge S h a n d o n g v a r i e t y
g r o u n d n u t e n j o y s a v e r y g o o d n a m e i n i n t e r n a t i o n a l m a r k e t s . I t i s a t r a d i t i o n a l
e x p o r t c o m m o d i t y o f w h i c h 200 000 tons are e x p o r t e d each year. I n recent years ,
i n a d d i t i o n t o m e e t i n g the d e m a n d s o f o u r o w n p r o v i n c e , w e h a v e also t a k e n o n
t h e r e s p o n s i b i l i t y o f s u p p l y i n g the p r o d u c t t o s u c h o the r c i t ies as Be i j i ng , T i a n j i n ,
a n d S h a n g h a i .
A t p resen t , w e s t i l l n e e d t o i m p r o v e b o t h the q u a l i t y a n d q u a n t i t y o f
g r o u n d n u t s i n o u r p r o v i n c e . I a m su re t h a t a f te r th i s m e e t i n g g r o u n d n u t research
a n d p r o d u c t i o n w i l l b e g r e a t l y e n h a n c e d . T h e m e e t i n g w i l l a lso resu l t i n advances
i n t h i s area i n e v e r y g r o u n d n u t - p r o d u c i n g c o u n t r y i n the w o r l d . I w i s h the
w o r k s h o p success, a n d c o n v e y m y g o o d w i s h e s t o a l l p a r t i c i p a n t s . I a lso h o p e t ha t
e v e r y o n e h e r e w i l l m a k e g rea te r p rog ress i n t he i r w o r k , a n d c o n t r i b u t e m o r e t o a l l
m a n k i n d .





I s h o u l d l i k e t o dec la re t he I n t e r n a t i o n a l W o r k s h o p o n A c h i e v i n g H i g h
G r o u n d n u t Y i e l d s o p e n . F i r s t o f a l l , I s h o u l d l i k e t o express m y hea r t f e l t
c o n g r a t u l a t i o n s o n the c o n v e n i n g o f th i s w o r k s h o p o n beha l f o f the C h i n e s e
A c a d e m y o f A g r i c u l t u r a l Sciences (CAAS) a n d o n m y o w n beha l f , a n d t o e x t e n d a 
w a r m w e l c o m e t o D r s R e n a r d , a n d G o w d a , a n d the o the r ICRISAT sc ient is ts , a n d
t o t he rep resen ta t i ves f r o m I n d i a , I n d o n e s i a , K o r e a , M y a n m a r , T h e P h i l i p p i n e s ,
T h a i l a n d , V i e t n a m , a n d Z i m b a b w e a s w e l l a s t o the C h i n e s e sc ient is ts f r o m m o r e
t h a n 10 p r o v i n c e s , m u n i c i p a l i t i e s a n d a u t o n o m o u s reg ions . I s h o u l d a lso l i k e to
express m y s incere t h a n k s t o the hos t o r g a n i z a t i o n - t h e S h a n d o n g A c a d e m y o f
A g r i c u l t u r a l Sciences (SAAS).
C h i n a i s a m a j o r g r o u n d n u t - p r o d u c i n g coun t r y . T h e g r o u n d n u t - p r o d u c i n g area
i n C h i n a i s a b o u t 3 035 600 hectares, a n d i t i s r a n k e d second i n t he w o r l d a f ter
I n d i a . T h e g r o u n d n u t - g r o w i n g area i n S h a n d o n g r a n k s f i r s t i n C h i n a i n t e r m s o f
u n i t y i e l d , a n d t he ave rage a n n u a l t o t a l y i e l d . The re fo re , i t i s o f g rea t s ign i f i cance
t h a t t h i s w o r k s h o p i s b e i n g h e l d here i n S h a n d o n g .
T h e c o o p e r a t i o n b e t w e e n C h i n a a n d ICRISAT s ta r ted i n t he e a r l y 1980s. I n 1988
C A A S a n d ICRISAT s i g n e d a n A g r e e m e n t o f C o o p e r a t i o n w h e n the t w o pa r t i es
ag reed t o co l l abo ra te o n g r o u n d n u t , s o r g h u m , m i n o r m i l l e t s , c h i c k p e a , a n d
p i g e o n p e a . I n recent yea rs , t he i r m u t u a l e f fo r ts h a v e m a d e great a c h i e v e m e n t s i n
sc ien t i f i c c o o p e r a t i o n . C h i n a has r ece i ved severa l t h o u s a n d g e r m p l a s m accessions
o f g r o u n d n u t a n d s o r g h u m f r o m ICRISAT tha t h a v e e n r i c h e d the C h i n e s e
genebanks . A n u m b e r o f p r o m i s i n g va r ie t i es o f s o r g h u m a n d g r o u n d n u t t ha t
i n v o l v e ICRISAT m a t e r i a l s h a v e been re leased i n C h i n a . T h e p o p u l a r i z a t i o n o f
these va r i e t i es w i l l p r o m o t e C h i n e s e p r o d u c t i o n o f s o r g h u m a n d g r o u n d n u t i n
C h i n a .
I n t he pas t , m o r e t h a n 70 C h i n e s e sc ient is ts h a v e v i s i t e d ICRISAT to a t t e n d
t r a i n i n g courses o r w o r k s h o p s , a n d t o c o n d u c t c o l l a b o r a t i v e research. ICRISAT has
e d u c a t e d a l a rge n u m b e r o f y o u n g C h i n e s e g r o u n d n u t a n d s o r g h u m sc ient is ts
w h o n o w p l a y a n i m p o r t a n t r o l e i n C h i n e s e a g r i c u l t u r a l research.
Las t year, C A A S a n d ICRISAT s i g n e d a n e w A g r e e m e n t o f C o l l a b o r a t i o n . I t
cove rs 2 1 p ro jec ts o f w h i c h 1 1 are o n g r o u n d n u t . These pro jec ts , c o m b i n e d w i t h
k e y n a t i o n a l p r o g r a m s , are s u p p o r t e d b y the g e r m p l a s m a n d b y f u n d i n g . I n
f u t u r e w e w i l l f u r t h e r s t r e n g t h e n a n d b r o a d e n the c o l l a b o r a t i o n b e t w e e n C h i n a
a n d ICRISAT, so t ha t we w i l l be ab le t o m a k e a g rea ter c o n t r i b u t i o n t o a g r i c u l t u r a l
research a n d t o p r o d u c t i o n i n C h i n a a n d the w o r l d .
I w i s h the w o r k s h o p success, a n d o u r f r i e n d s a p leasan t s tay i n S h a n d o n g .





D u r i n g J u l y 1994, t he D i r e c t o r G e n e r a l o f ICRISAT, Dr J G R y a n s i g n e d a W o r k P l a n
w i t h t he C h i n e s e A c a d e m y o f A g r i c u l t u r a l Sciences (CAAS). T h i s s i g n i n g
c o i n c i d e d w i t h a Cerea ls a n d L e g u m e s A s i a N e t w o r k ( C L A N ) W o r k i n g G r o u p
M e e t i n g o n Bac te r ia l W i l t o f G r o u n d n u t t ha t a lso i n v o l v e d a t r a i n i n g course o n
the d isease, a n d w o r k s h o p t h a t b r o u g h t t oge the r 3 9 p a r t i c i p a n t s f r o m A u s t r a l i a ,
C h i n a , I n d o n e s i a , M a l a y s i a , T h a i l a n d , U K , V i e t n a m , FAO, a n d ICRISAT. T h e
r e s u l t i n g p r o c e e d i n g s c o n t a i n e d abst racts in Ch inese - the f i r s t ICRISAT
p r o c e e d i n g s t o c a r r y t h a t l a n g u a g e - m a d e poss ib le t h r o u g h the c o l l a b o r a t i o n o f
g r o u n d n u t sc ient is ts i n C h i n a . T h e t r a i n i n g course p a r t i c i p a n t s c o n t r i b u t e d t o
a n o t h e r ICRISAT f i r s t ; d u r i n g t he i r l a b o r a t o r y w o r k t h e y u s e d a d r a f t t echn ica l
m a n u a l , a n d m a d e c o m m e n t s o n i ts p r a c t i c a l i t y a n d use fu lness . These c o m m e n t s
h e l p e d ICRISAT sc ien t is ts to rev ise a n d p u b l i s h i t as the f i r s t i n a n e w ICRISAT
ser ies o f t echn i ca l m a n u a l s , d e s i g n e d t o pass o n p r a c t i c a l k n o w l e d g e o f
t echno log i es d e v e l o p e d a t ICRISAT i n c o l l a b o r a t i o n w i t h N a t i o n a l A g r i c u l t u r a l
Research Sys tems (NARS) a n d m e n t o r i n s t i t u t i o n s .
T h e p r o p o s a l t o h o l d a w o r k s h o p a t i n t e r n a t i o n a l l eve l o n a c h i e v i n g h i g h
g r o u n d n u t y i e l d s t o b e h e l d i n C h i n a w a s m a d e d u r i n g tha t t i m e .
W h e n D r s J G R y a n , Y L N e n e , a n d C L L G o w d a p u t f o r w a r d the idea tha t
o t h e r c o u n t r i e s i n A s i a w o u l d bene f i t f r o m the exper ience o f the g r o u n d n u t
p r o d u c t i o n t e c h n o l o g y p r a c t i c e d i n C h i n a , i t w a s w e l c o m e d , a n d S h a n d o n g
A c a d e m y o f A g r i c u l t u r a l Sciences (SAAS), a n d CAAS agreed t o co -sponsor the
p resen t w o r k s h o p .
I n M a r c h 1995, w h e n Professor G a i S h u r e n , D i rec to r , a n d M r W a n g C a i b i n ,
A s s i s t a n t D i r e c t o r a n d Researcher f r o m the S h a n d o n g Peanu t Research I n s t i t u t e
(SPRI) a t L a i x i v i s i t e d ICRISAT A s i a Center , we d i scussed a n d f i n a l i z e d the p l a n s
f o r t he p resen t w o r k s h o p .
G r o u n d n u t i s a m a j o r c r o p i n A s i a a n d i s c u l t i v a t e d o n 8.5 m i l l i o n h a i n I n d i a ,
a n d 3.0 m i l l i o n h a i n C h i n a . B u t t he t o ta l p r o d u c t i o n i n I n d i a (7.4 m i l l i o n t i n 1993)
i s s l i g h t l y less t h a n tha t i n C h i n a (8.1 m i l l i o n t ) . C h i n a has been ab le t o ach ieve
ave rage y i e l d s of 2.71 t ha - 1 c o m p a r e d to the 0.9 t ha - 1 ach ieved in I n d i a .
C h i n a ' s g r o u n d n u t p r o d u c t i o n i s c o m p a r a b l e t o tha t o b t a i n e d i n s o m e o the r
c o u n t r i e s . K o r e a , f o r e x a m p l e , i s p r o d u c i n g 2.8 t ha - 1 , m o r e t h a n the ave rage y i e l d
of 2.28 t ha - 1 o b t a i n e d in the USA.
T h e area u n d e r g r o u n d n u t i n C h i n a inc reased b y 50.5% b e t w e e n 1970 a n d 1983.
D u r i n g t h a t t i m e the p r o d u c t i o n inc reased b y 124.3%, a n d the average y i e l d b y
48.3%. T h e m a j o r fac tors respons ib le f o r tha t j u m p i n c l u d e the a g r i c u l t u r a l
r e f o r m s t h a t s t a r t ed i n the la te 1970s, the a d o p t i o n o f i m p r o v e d va r ie t i es , changes
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i n c r o p p i n g sys tems tha t m a d e i t poss ib le t o g r o w t w o c rops i n a year, the use o f
p o l y t h e n e f i l m m u l c h i n g , n a r r o w b e d c u l t i v a t i o n , i nc reas ing p l a n t dens i t y ,
r a t i o n a l use o f f e r t i l i ze r s , a n d e f fec t i ve c o n t r o l o f pests a n d diseases. These n e w
techn iques h a v e been e f fec t i ve l y e x t e n d e d t o f a r m e r s ' f ie lds . T h e y i e l d s i n
S h a n d o n g a n d J i angsu are w e l l a b o v e average , a n d i n s o m e p laces u p t o 1 1 t h a - 1
are o b t a i n e d .
F o o d a n d safe d r i n k i n g w a t e r are f i r s t a m o n g the h ie ra rch i ca l needs o f h u m a n
be ings . W h e n t a l k i n g o f f o o d , w e t h i n k f i r s t o f the q u a n t i t y p r o d u c e d . B u t q u a l i t y
i s j u s t as essen t ia l . I do n o t h a v e t o te l l y o u tha t l i p i d s a n d p r o t e i n s are q u a l i t a t i v e
e lemen ts m i s s i n g o r b e l o w the m i n i m u m t h r e s h o l d i n the d ie ts o f p e o p l e l i v i n g i n
m a n y c o u n t r i e s i n A s i a a n d A f r i c a . I n t ha t respect g r o u n d n u t p r o v i d e s f o o d a n d
e d i b l e o i l , a m a j o r p a r t o f these essent ia l l i p i d s a n d p r o t e i n s needed fo r t he w e l l -
b e i n g o f the p o p u l a t i o n s i n q u e s t i o n .
M o s t c o u n t r i e s i n A s i a a n d A f r i c a need t o increase the i r a g r i c u l t u r a l
p r o d u c t i o n a n d p r o d u c t i v i t y t o m e e t the r e q u i r e m e n t s o f t he i r g r o w i n g
p o p u l a t i o n s a n d / o r t he d e m a n d s o f i n t e r n a t i o n a l m a r k e t s . W e are here t o l ea rn a t
f i r s t h a n d a b o u t the h i g h y i e l d g r o u n d n u t p r o d u c t i o n t e c h n o l o g y i n S h a n d o n g ,
a n d a lso t o h e l p d i s s e m i n a t e th is t echno logy , a n d the techno log ies f r o m o the r
A s i a n c o u n t r i e s a n d o t h e r pa r t s o f C h i n a .
O u r c o m m o n ob jec t i ve i s t o b r i d g e t he g a p b e t w e e n p o t e n t i a l a n d ac tua l y i e l d s
w i t h t he a v a i l a b l e techno log ies . T h e e x i s t i n g y i e l d s ca n b e d o u b l e d o r t r i p l e d i n
m a n y s i t u a t i o n s , a n d a c o m b i n a t i o n o f l oca t ion -spec i f i c techno log ies , t i m e l y
d e l i v e r y o f a p p r o p r i a t e i n p u t s , a n d be t te r m a r k e t i n g w i l l a l l o w u s t o t ap the
u n t a p p e d r e s e r v o i r w h i c h exists i n m o s t f a r m i n g sys tems.
W e also s h o u l d l o o k a t u p g r a d i n g t h e b i o l o g i c a l p o t e n t i a l o f w a s t e d l a n d , i.e.,
r e h a b i l i t a t i n g d e g r a d e d l a n d i n A s i a . W e s h o u l d encou rage the i n t r o d u c t i o n o f
e c o l o g i c a l l y s o u n d p rac t i ces i n a g r i c u l t u r e , because the s u s t a i n a b i l i t y o f
p r o d u c t i o n sys tems i s essent ia l i f p r o d u c t i v i t y i s t o increase i n the l o n g t e r m .
W e s h o u l d p r o m o t e c o o p e r a t i o n b e t w e e n sc ient is ts , e x t e n s i o n staff , a n d
f a r m e r s . I a m t o l d t ha t t he increase i n g r o u n d n u t p r o d u c t i o n here i n S h a n d o n g i s
p a r t l y a t t r i b u t a b l e t o e f fec t i ve c o o p e r a t i o n i n v o l v i n g severa l t h o u s a n d f a rmers .
T h a t c lose i n t e r a c t i o n o f researcher -ex tens ion - fa rmers needs t o b e u n d e r s t o o d b y
o t h e r s s o t h a t t h e y c a n f o l l o w s o m e o f these p r i n c i p l e s .
We a lso u n d e r s t a n d t h a t C h i n e s e sc ient is ts h a v e c o n d u c t e d severa l basic a n d
s t ra teg ic research s t u d i e s o n the p h y s i o l o g y o f g r o u n d n u t w i t h o u t u s i n g
s o p h i s t i c a t e d e q u i p m e n t . T h i s i s a n o t h e r area w h e r e w e c a n l e a r n f r o m t h e m .
D u r i n g these f e w d a y s , w e w i l l l i s t en t o a n d l e a r n f r o m each other , a n d a t the
e n d w e h o p e t o b e be t te r ab le t o c o n t r i b u t e t o t he i m p r o v e m e n t i n q u a l i t y a n d
q u a n t i t y o f f o o d p r o d u c t i o n i n t he d i f f e r e n t c o u n t r i e s assemb led here .
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Objectives of the Meeting
C L L Gowda 1
O n b e h a l f o f t he Cerea ls a n d L e g u m e s A s i a N e t w o r k ( C L A N ) , I w o u l d l i k e t o
e x t e n d m y h e a r t y w e l c o m e t o a l l t he d i s t i n g u i s h e d guests a n d p a r t i c i p a n t s a t th i s
m e e t i n g .
I w o u l d l i k e t o b r i e f l y m e n t i o n C L A N a n d i ts r o l e i n f a c i l i t a t i n g c o l l a b o r a t i v e
research a n d t e c h n o l o g y exchange i n A s i a . C L A N i s a research a n d t e c h n o l o g y
exchange n e t w o r k f o r m e d b y A s i a n sc ient is ts . A l l c o u n t r i e s i n A s i a are i n v i t e d t o
b e c o m e m e m b e r s o f t he n e t w o r k t ha t i s c u r r e n t l y ac t i ve i n B a n g l a d e s h , C h i n a ,
I n d i a , I n d o n e s i a , M y a n m a r , N e p a l , P a k i s t a n , T h e P h i l i p p i n e s , Sr i L a n k a ,
T h a i l a n d , a n d V i e t n a m . A l l sc ient is ts a n d a d m i n i s t r a t o r s i n A s i a , a n d those i n
r e g i o n a l a n d i n t e r n a t i o n a l i n s t i t u t i o n s in te res ted i n C L A N p r i o r i t y c rops
( s o r g h u m , p e a r l m i l l e t , ch i ckpea , p i g e o n p e a , a n d g r o u n d n u t ) are i n v i t e d t o
b e c o m e coope ra to r s . These coope ra to rs p a r t i c i p a t e i n c o l l a b o r a t i v e research b y
a g r e e i n g t o c o m m i t t hemse l ves t o share the i r research resources a n d resu l ts .
T h i s i s o n e w a y o f j o i n i n g h a n d s t o tack le c o m m o n p r o b l e m s ; b y p o o l i n g
resources t o o v e r c o m e f u n d i n g cons t ra in t s , t o r educe costs, a n d increase the cost-
e f fec t iveness o f research endeavo rs . ICRISAT p r o v i d e s the fac i l i t i es a n d f u n d i n g t o
h o s t t he C L A N C o o r d i n a t i o n U n i t . A d d i t i o n a l s u p p o r t f u n d i n g f o r i n - c o u n t r y
research , t r a i n i n g ac t i v i t i e s , m e e t i n g s , etc., comes f r o m s u c h o t h e r d o n o r s as the
A s i a n D e v e l o p m e n t B a n k (ADB) , the F o o d a n d A g r i c u l t u r e O r g a n i z a t i o n o f the
U n i t e d N a t i o n s (FAO), a n d the U n i t e d N a t i o n s D e v e l o p m e n t P r o g r a m m e (UNDP) .
A s i n d i c a t e d ear l ie r , o n e o f C L A N ' s m a j o r ac t i v i t i es i s t o share a n d exchange
research i n f o r m a t i o n a n d techno logy . T h i s w o r k s h o p i s one s u c h even t .
T h e i d e a f o r o r g a n i z i n g the w o r k s h o p o r i g i n a t e d a l m o s t 1 4 m o n t h s ago , w h e n
ICRISAT's D e p u t y D i r e c t o r G e n e r a l Dr Y L N e n e v i s i t e d the S h a n d o n g P e a n u t
Research I n s t i t u t e (SPRI). H e w a s i m p r e s s e d b y the h i g h y i e l d t e c h n o l o g y
d e v e l o p e d a n d e x t e n d e d b y SPRI i n S h a n d o n g P rov ince . D u r i n g d iscuss ions w i t h
Pro fessor G a i S h u r e n , D i r e c t o r o f SPRI, a gene ra l p l a n to o r g a n i z e a m e e t i n g a t
L a i x i w a s f o r m u l a t e d t o p r o v i d e a n o p p o r t u n i t y f o r sc ient is ts f r o m o the r c o u n t r i e s
i n A s i a a n d A f r i c a t o o b s e r v e the t e c h n o l o g y u s e d i n C h i n a , a n d t o exchange
i n f o r m a t i o n o n the h i g h y i e l d t echno log ies u s e d i n t he i r coun t r i es . I a m v e r y g l a d
tha t w e are n o w a s s e m b l e d here t o d o th is f o r o u r m u t u a l benef i t .
T h e spec i f i c ob jec t i ves o f t he w o r k s h o p are:
• T o r e v i e w a n d d o c u m e n t ava i l ab l e techno log ies t o ach ieve h i g h g r o u n d n u t
y i e l d s ,
• To obse rve t h e t echno log ies tha t h a v e been d e v e l o p e d a n d a d o p t e d i n
S h a n d o n g P r o v i n c e , a n d
• T o d e v e l o p p l a n s t o ach ieve h i g h g r o u n d n u t y i e l d s i n o t h e r c o u n t r i e s i n A s i a
a n d b e y o n d .
1. ICRISAT Asia Center, Patancheru 502 324, Andhra Pradesh, India.
12
13
C L L Gowda1
Country Status Reports
Present Situation and Prospects
for Groundnut Production in China
Gai Shuren, Wang Caibin, Yu Shanlin, Zhang Jimin, Zuo Xueqing,
Wan Shubo, Tao Shouxiang, Wang Chuantang, and Qiu Ruorai1
Abstract
G r o u n d n u t i s a v e r y i m p o r t a n t o i l seed c r o p i n C h i n a ; p r o d u c t i o n has inc reased
r a p i d l y i n recent years . D u r i n g the f i r s t 4 years o f the 1990s, the a n n u a l average
area (3 035 600 ha) , y i e l d (2.2 t ha - 1 ) , a n d p r o d u c t i o n (6 761 000 t ) , have a l l set
reco rds . D o m e s t i c c o n s u m p t i o n o f c r u s h e d a n d ed ib l e g r o u n d n u t increases year
b y year. T h e m a i n g r o u n d n u t - p r o d u c i n g areas are S h a n d o n g , H e n a n , G u a n g d o n g ,
H e b e i , a n d G u a n g x i . I n C h i n a g r o u n d n u t i s g r o w n a s a sole o r a n i n t e r c r o p i n
s p r i n g , s u m m e r , a n d a u t u m n . T h e k e y fac tors c o n t r i b u t i n g t o inc reased
p r o d u c t i o n are an increase in the c r o p p i n g area as a resu l t o f i ncen t i ves to
p r o d u c e r s , a n d the d e v e l o p m e n t a n d a p p l i c a t i o n o f n e w ach ievemen ts i n science
a n d t e c h n o l o g y tha t h a v e resu l t ed i n increased y ie lds . Desp i t e the cons t ra in ts ,
g r o u n d n u t p r o d u c t i o n i n C h i n a s h o w s grea t p o t e n t i a l f o r f u r t h e r d e v e l o p m e n t .
In t roduct ion
G r o u n d n u t has a l o n g h i s t o r y o f c u l t i v a t i o n i n C h i n a . A c c o r d i n g t o the records the
C h i n e s e p e o p l e b e g a n t o c u l t i v a t e g r o u n d n u t i n 1368 (be tween the e n d o f t he
Y u a n a n d t he b e g i n n i n g o f the Q i n g dynas t i es ) , i.e., a b o u t 600 years ago .
G r o u n d n u t i s n o w o n e o f t he m a i n cash a n d o i l c rops i n C h i n a , o c c u p y i n g a v e r y
i m p o r t a n t p lace i n o i l c r o p p r o d u c t i o n .
1. Shandong Peanut Research Inst i tute, Laix i , Shandong 266601, China.
Gai Shuren, Wang Caibin, Yu Shanlin, Zhang Jimin, Zuo Xueqing, Wan Shubo, Tao Shouxiang, Wang Chuantang,
and Q iu Ruorui. 1996. Present s i tuat ion and prospects for groundnut product ion in China. ( In En. Summary in Ch.)
Pages 17-26 in Ach iev ing h igh g roundnut yields: proceedings of an international workshop, 25-29 A u g 1995, Laix i
City, Shandong, China (Renard, C., Gowda, C.L.L., N igam, S.N., and Johansen, C. eds.). Patancheru 502 324, Andhra
Pradesh, India: Internat ional Crops Research Inst i tute for the Semi-Ar id Tropics.
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The area under groundnut in China accounts for about 2 5 % of all o i l crops, and its
product ion for about 4 0 % of o i l crops. Since 1978, groundnut production in China has
developed rapid ly. This paper retraces the history of groundnut production in China,
especially its development since 1980, and summarizes Chinese experience and lessons, to
increase groundnut product ion in the future.
General Situation
T h e Course o f D e v e l o p m e n t
T h e r e w e r e th ree s i g n i f i c a n t p e r i o d s i n the d e v e l o p m e n t o f g r o u n d n u t p r o d u c t i o n
in C h i n a (Table 1). S ince the f o u n d a t i o n o f the Peop le 's R e p u b l i c o f C h i n a , the f i r s t
p e r i o d w a s f r o m 1950 t o 1959 w h e n the p r o d u c t i o n o f g r o u n d n u t w a s res to red a n d
b e g a n t o inc rease; the second p e r i o d f r o m 1960 t o 1979 w h e n p r o d u c t i o n b e g a n t o
decrease a n d f l u c t u a t e ; a n d the t h i r d p e r i o d f r o m 1980 t o 1993 w h e n p r o d u c t i o n
b e g a n t o d e v e l o p r a p i d l y .
Y i e l d a n d Product ion
I n recen t yea rs the re has been r a p i d e x p a n s i o n o f c u l t i v a t e d area, a n d increases i n
y i e l d a n d p r o d u c t i o n (Table 2). Tab le 3 s h o w s tha t the a n n u a l c u l t i v a t e d area,
y i e l d , a n d p r o d u c t i o n f r o m 1990-93 w e r e a b o u t 10.9%, 22.2% a n d 35.5% h i g h e r
t h a n those o f the 1980s a n d set reco rds i n C h i n a .
M a i n Product ion Regions
G r o u n d n u t can b e g r o w n i n a l m o s t a l l the 2 8 p r o v i n c e s o f C h i n a . The re are t w o
m a i n r e g i o n s o f g r o u n d n u t p r o d u c t i o n tha t d i f f e r i n the i r g e o g r a p h i c l oca t i ons ,
Tab le 1 . D e v e l o p m e n t per iods o f g r o u n d n u t p r o d u c t i o n i n C h i n a .
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Table 3 . A n n u a l cu l t iva ted area, y i e l d , a n d product ion o f g r o u n d n u t in C h i n a ,
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so i l t y p e s , a n d f a r m i n g sys tems . T h e b o u n d a r y b e t w e e n these t w o reg ions i s t he
Y ang t ze R i v e r a n d l a t i t u d e 3 0 °N t h a t d i v i d e the c o u n t r y i n t o the n o r t h e r n a n d
s o u t h e r n r e g i o n o f g r o u n d n u t p r o d u c t i o n . T h e n o r t h e r n r e g i o n accoun ts f o r a b o u t
6 5 % o f t h e c u l t i v a t e d area a n d 7 0 % o f t he t o t a l p r o d u c t i o n i n t he c o u n t r y .
T h e m a i n p r o v i n c e s o f g r o u n d n u t p r o d u c t i o n i n C h i n a i n c l u d e S h a n d o n g ,
H e n a n , G u a n g d o n g , H e b e i , a n d G u a n g x i (Table 4) . These f i v e p r o v i n c e s
a c c o u n t e d f o r a b o u t 6 7 % o f t he a n n u a l c u l t i v a t e d area a n d 6 9 % o f the t o ta l
p r o d u c t i o n o f t he c o u n t r y i n t he 1980s.
Tab le 4 . A n n u a l cu l t iva ted area a n d p roduc t ion o f g r o u n d n u t i n some m a i n
prov inces o f C h i n a in the 1980s.
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C l i m a t e a n d So i l Cond i t ions o f the G r o u n d n u t Product ion Regions
C l i m a t i c c o n d i t i o n s a n d s o i l t y p e s o f the g r o u n d n u t p r o d u c t i o n reg ions are v e r y
d i v e r s e . I n g e n e r a l , t h e m e a n d a i l y t e m p e r a t u r e , the a n n u a l f ros t - f ree p e r i o d , a n d
t h e a n n u a l r a i n f a l l i n t he n o r t h e r n r e g i o n are 4-17°C, 150-230 d a y s , a n d 400-1000
m m r e s p e c t i v e l y ; a n d i n t he s o u t h e r n r e g i o n 15-24°C, 230-300 d a y s , a n d 800-2000
m m . T h e so i l t y p e s i n t h e n o r t h e r n r e g i o n are m a i n l y g r a v e l l y s o i l , a n d a l l u v i a l
so i ls o n t he p l a i n ; a n d i n t h e s o u t h e r n r e g i o n r e d l o a m , y e l l o w s o i l , a l l u v i a l s a n d y
s o i l , a n d s a n d y s o i l .
F a r m i n g systems a n d cu l t iva t ion o f g r o u n d n u t
D i f f e r e n t f a r m i n g sys tems resu l t f r o m v a r i o u s c l i m a t i c c o n d i t i o n s . Tab le 5 s h o w s
tha t t h e f a r m i n g sys tems i n the n o r t h e r n r e g i o n o f g r o u n d n u t p r o d u c t i o n are v e r y
d i f f e r e n t f r o m those i n t he s o u t h e r n r e g i o n . T h e c r o p p i n g i n t e n s i t y i n the s o u t h e r n
r e g i o n i s m u c h h i g h e r t h a n i n the n o r t h e r n r e g i o n . T h e m a i n sys tems i n c l u d e
s p r i n g s o w i n g , r e l a y c r o p p i n g , s u m m e r s o w i n g , a u t u m n s o w i n g , a n d w i n t e r
s o w i n g .
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M a i n C u l t i v a t e d Var iet ies o f G r o u n d n u t
T h e g r o u n d n u t va r i e t i es u s e d i n C h i n a are m a i n l y t he i n t e r m e d i a t e t y p e a n d the
Span ish b u n c h t y p e . I n t he n o r t h e r n r e g i o n , m a i n l y i n t e r m e d i a t e va r ie t i es are
c u l t i v a t e d . T h e Span ish b u n c h t y p e va r ie t i es are secondary , a n d v e r y f e w o f t he
V i r g i n i a t y p e va r i e t i es are g r o w n . M a i n va r ie t i es i n c l u d e H a i h u a N o . 1 , Ba isha
1016, X u j i u 68-4, H u a 37, L u h u a N o . 9 , H u a 17, X u x i N o . 1 , Y u h u a N o . 2 a n d N o . 3 ,
L u h u a N o . 10, N o . 11 , etc. I n t he s o u t h e r n r e g i o n m a i n l y t he Span ish b u n c h
va r i e t i es are c u l t i v a t e d , i n c l u d i n g Yue y o u 116, Shan y o u 2 7 a n d Yue y o u 256.
M o s t o f t he m a j o r c u l t i v a t e d va r i e t i es i n C h i n a w e r e b r e d b y research i ns t i t u t es ,
co l leges , a n d u n i v e r s i t i e s . T h e va r i e t i es re leased b y the State o r P r o v i n c i a l Va r i e t a l
C o m m i t t e e ( s ) w e r e m u l t i p l i e d , t h e n s o l d t o t he seed c o m p a n i e s a n d f i n a l l y t o
g r o w e r s .
T h e I n v e s t m e n t i n G r o u n d n u t Product ion
Since t he b e n e f i t f r o m g r o u n d n u t i s m u c h h i g h e r t h a n f r o m o t h e r c rops the
g r o w e r s are w i l l i n g t o s p e n d m o r e m o n e y A c c o r d i n g t o the i n v e s t i g a t i o n o f 219
g r o u n d n u t - g r o w i n g f a m i l i e s i n 1 3 p r o v i n c e s , i n c l u d i n g S h a n d o n g , H e b e i ,
G u a n g d o n g , F u j i a n , H u b e i , a n d S h a n x i i n 1991, the resu l ts s h o w tha t the y i e l d
a v e r a g e d 2012 kg ha - 1 . T h e t o t a l cost p e r hectare w a s 1227.2 Y u a n (US$ = 144.4).
T h e ne t p r o f i t p e r hec ta re w a s a b o u t 1230.75 Y u a n (US$ 144.8).
M e c h a n i z a t i o n Levels
T h e l e v e l o f m e c h a n i z a t i o n i n g r o u n d n u t p r o d u c t i o n i n C h i n a has m a d e
s i g n i f i c a n t p rog ress . M e c h a n i z a t i o n i n p l o w i n g , h a r r o w i n g , r i d g i n g ,
i n t e r c u l t i v a t i o n , d i g g i n g a n d h a r v e s t i n g , p l u c k i n g , a n d s h e l l i n g i n g r o u n d n u t
p r o d u c t i o n has b e e n i n t r o d u c e d . E x p e r i m e n t a l p r o g r a m s o n s o w i n g , p o l y t h e n e
f i l m m u l c h i n g , p e s t i c i d e s p r a y i n g , a n d m e c h a n i c a l seed p rocess ing h a v e been
success fu l .
D i s t i n g u i s h i n g Features of the D e v e l o p m e n t of
G r o u n d n u t Product ion i n C h i n a
G e n e r a l l y , t he re h a v e b e e n f o u r d i s t i n g u i s h i n g features .
T h e Co-existence o f L o w e r a n d H i g h e r Yie lds
A l t h o u g h t he y i e l d o f g r o u n d n u t i n C h i n a i s g e n e r a l l y l o w , there are s t i l l m a n y
areas o f h i g h e r y i e l d . T h e a n n u a l ave rage y i e l d f r o m 1950 t o 1993 i n C h i n a w a s
a b o u t 1592 k g h a - 1 , l o w e r t h a n i n t he U n i t e d States o f A m e r i c a ( U S A ) . B u t the re
w e r e s o m e e x c e p t i o n s , f o r i ns tance , i n 1972, t h e y i e l d i n s o m e s m a l l areas w a s u p
to 6000 kg h a - 1 , 7500 kg ha - 1 i n 1979, 9840 kg ha - 1 i n 1980, a n d 10 500 kg ha - 1 i n
1982.
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I n g e n e r a l , t he d e v e l o p m e n t o f g r o u n d n u t p r o d u c t i o n i n C h i n a w a s s low. T h e
a n n u a l i n c r e a s i n g ra te o f y i e l d s f r o m 1950 t o 1993 w a s a b o u t 0.9%, s l o w e r t h a n
t h a t o f U S A . F r o m 1980 t o 1993 the a n n u a l ra te o f increase i n y i e l d a n d p r o d u c t i o n
w e r e u p t o 4 .4% a n d 8.3% respec t ive ly , w h i c h w e r e the h ighes t i n the w o r l d f o r
t h i s p e r i o d .
The General Level of Science and Technological Innovation
in Groundnut Production in China
T h e l e v e l o f a p p l i c a t i o n o f science a n d t e c h n o l o g y i n a c o u n t r y o r a r e g i o n c an be
d e m o n s t r a t e d i f t he p r o d u c t i o n o f g r o u n d n u t i n t ha t c o u n t r y o r r e g i o n keeps
i n c r e a s i n g s tead i ly . A t p resen t t he o v e r a l l l e v e l o f science a n d t e c h n o l o g y i n
g r o u n d n u t p r o d u c t i o n i n C h i n a i s r e l a t i v e l y l o w . H o w e v e r , s ince 1970 m a n y
a d v a n c e d sc ien t i f i c t echn iques h a v e resu l t ed i n h i g h e r y i e l d , w h e r e there has been
a d r i v e t o tack le k e y p r o b l e m s o f p r o d u c t i o n .
T h e a n n u a l y i e l d a n d p r o d u c t i o n f r o m 1991 t o 1994 i n S h a n d o n g P rov i nce ,
w h e r e the a n n u a l c u l t i v a t e d area o f g r o u n d n u t i s the la rgest c o m p a r e d w i t h t ha t
o f o t h e r p r o v i n c e s , w e r e up t o 3048 kg ha - 1 a n d 2.19 m i l l i o n tons. T h i s w a s 21.7%
a n d 22 .3% h i g h e r t h a n i n the 1980s. These t y p i c a l cases o f h i g h y i e l d i n g r o u n d n u t
p r o d u c t i o n h a v e set a v e r y g o o d e x a m p l e fo r the r a p i d a n d h e a l t h y d e v e l o p m e n t
o f g r o u n d n u t p r o d u c t i o n i n C h i n a s ince 1980s, based o n sc ient i f i c a n d
t e c h n o l o g i c a l i n p u t s .
C h a n g e o f C r o p M a n a g e m e n t Patterns f r o m Labor Intensive
to Technology In tens ive
I n t e n s i v e a n d m e t i c u l o u s f a r m i n g i s one o f the t r a d i t i o n a l features o f Ch inese
a g r i c u l t u r e . I n t he pas t , g r o u n d n u t c r o p m a n a g e m e n t w a s m o s t l y b y m a n u a l l a b o r
o p e r a t i o n s . W i t h t he d e v e l o p m e n t o f techno logy , espec ia l l y the ex tens ion o f
m e c h a n i z a t i o n , p o l y t h e n e f i l m m u l c h i n g , chem ica l w e e d c o n t r o l , a n d g r o w t h
r e g u l a t o r s , t he sc ience a n d t e c h n o l o g y c o m p o n e n t i n g r o u n d n u t p r o d u c t i o n has
g r e a t l y i nc reased . G r o u n d n u t p r o d u c t i o n has become techno log i ca l l y i n t e n s i v e
i n s t e a d o f l a b o r i n t e n s i v e . T h e g r o w e r ' s o p e r a t i o n s i n g r o u n d n u t c u l t i v a t i o n h a v e
b e e n l i g h t e n e d , a n d the w o r k i n g e f f i c iency a n d y i e l d inc reased.
C h a n g e in the Factors w h i c h have Increased Product ion
Inc rease i n p r o d u c t i o n , w h i c h f o r m e r l y d e p e n d e d o n the e n l a r g e m e n t o f
c u l t i v a t e d area, n o w d e p e n d s m u c h m o r e o n the i n t r o d u c t i o n o f a d v a n c e d
t e c h n o l o g y t o g r o u n d n u t p r o d u c t i o n . I n con t ras t w i t h t ha t i n 1980s, the inc reased
a m o u n t o f a n n u a l p r o d u c t i o n f r o m 1991-1994 w a s 2.762 m i l l i o n t , o f w h i c h 37 .6%
d e p e n d e d o n the e n l a r g e m e n t o f c u l t i v a t e d area, a n d 62 .4% o n the increase i n
y i e l d .
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M a j o r Factors o f D e v e l o p m e n t o f G r o u n d n u t Product ion
T h e r a p i d d e v e l o p m e n t o f g r o u n d n u t p r o d u c t i o n i n C h i n a , espec ia l l y s ince t h e
1980s, m i g h t b e a t t r i b u t e d t o t he f o l l o w i n g th ree m a j o r fac tors :
• T h e g r o w e r s a l l o v e r t h e c o u n t r y h a v e rece i ved m a n y benef i t s f r o m the r e f o r m s
o f t h e e c o n o m i c s y s t e m , s u c h a s the o u t p u t - r e l a t e d s y s t e m o f c o n t r a c t e d
r e s p o n s i b i l i t i e s . T h e i r i n i t i a t i v e i n g r o u n d n u t c u l t i v a t i o n i n C h i n a keeps
i n c r e a s i n g g r a d u a l l y .
• T h e s tate a n d p r o v i n c i a l g o v e r n m e n t s h a v e f o r m u l a t e d a n d c a r r i e d o u t c e r t a i n
p o l i c i e s , s u c h a s p r o v i d i n g r e w a r d s t o g r o u n d n u t g r o w e r s , p r o m o t i n g t he
p u r c h a s i n g p r i c e , a n d m a k i n g t he m a r k e t m o r e o p e n .
• T h e p r o g r e s s o f sc ience a n d t e c h n o l o g y has b e e n t he k e y fo r g r o u n d n u t
p r o d u c t i o n s t u d i e s a n d t h e e x t e n s i o n o f a d v a n c e d t e c h n o l o g y r e l e v a n t t o
g r o u n d n u t p r o d u c t i o n .
A t p r e s e n t t he re are m o r e t h a n 2 0 p r o v i n c i a l a n d 4 0 p r e f e c t u r a l a g r i c u l t u r a l
co l leges a n d research i n s t i t u t e s i n C h i n a w h i c h h a v e b e e n c o n c e n t r a t i n g o n the
s t u d y a n d e x t e n s i o n o f s o m e aspects o f a d v a n c e d sc ience a n d t e c h n o l o g y r e l e v a n t
t o v a r i e t i e s , t i l l age , c u l t i v a t i o n , p l a n t p r o t e c t i o n , etc. A d v a n c e d techno log ies
a p p l i e d a n d e x t e n d e d i n g r o u n d n u t p r o d u c t i o n i n c l u d e :
• D e v e l o p m e n t a n d e x t e n s i o n o f i m p r o v e d g r o u n d n u t va r ie t i es . S ince the
f o u n d a t i o n o f t h e Peop le ' s R e p u b l i c o f C h i n a , m o r e t h a n 200 g o o d va r ie t i es
h a v e b e e n b r e d a n d w i d e l y e x t e n d e d t h r o u g h o u t the c o u n t r y F r o m 1982 t o t he
p r e s e n t m o r e t h a n 8 0 va r i e t i es h a v e b e e n i n t r o d u c e d a n d u s e d . These cove r
m o r e t h a n 9 0 % o f t he t o t a l g r o u n d n u t area i n C h i n a .
• E f f o r t s t o p r o m o t e i m p r o v e d c u l t i v a t i o n sys tems . A r a b l e l a n d i s l i m i t e d , a n d a s
the re i s c o m p e t i t i o n f o r c u l t i v a t e d l a n d the c u l t i v a t i o n sys tems o f w i n t e r
w h e a t / s u m m e r g r o u n d n u t r e l ay c r o p p i n g i n t he n o r t h e r n r e g i o n a n d r i c e / r a p e
seed r o t a t i o n i n the s o u t h e r n r e g i o n h a v e d e v e l o p e d . A s a resu l t , the n a t i o n a l
t o t a l m u l t i p l e - c r o p p i n g area o f cereals w i t h o i l c rops i n 1993 a c c o u n t e d f o r
a b o u t 4 0 % o f the n a t i o n a l g r o u n d n u t c u l t i v a t i o n area. T h e m u l t i p l e c r o p p i n g
area o f w h e a t w i t h o i l c r o p s i n H e n a n P r o v i n c e ( a b o u t 8 0 % o f i t s g r o u n d n u t
c u l t i v a t i o n area) w a s the la rgest i n the c o u n t r y .
• T h e a p p l i c a t i o n o f p o l y t h e n e f i l m m u l c h i n g t e c h n i q u e . T h e resu l ts s h o w tha t
t h e p o l y t h e n e f i l m m u l c h i n g t e c h n i q u e w a s m o s t e f fec t i ve i n p r o m o t i n g the
inc rease o f g r o u n d n u t y i e l d . U p t o 1993 the n a t i o n a l t o ta l e x t e n s i o n area o f the
t e c h n i q u e w a s a b o u t 2.37 m i l l i o n ha .
• C a r r y i n g o u t f u n d a m e n t a l d e v e l o p m e n t o f c u l t i v a t e d l a n d , i m p r o v i n g the so i l
c o n d i t i o n s , i m p l e m e n t i n g c r o p r o t a t i o n a n d c r o p changes , a m e n d i n g t he loose
t o p s o i l layer , i n c r e a s i n g so i l n u t r i t i o n , a n d m a n a g e m e n t o f s o i l m o i s t u r e a n d
n u t r i e n t s h a v e a l l c o n t r i b u t e d t o h i g h y i e l d s .
• T h e e x t e n s i o n o f h i g h - y i e l d t e c h n o l o g i e s s u c h a s i n c r e a s i n g t h e o r g a n i c m a n u r e
a p p l i c a t i o n , r a t i o n a l c lose p l a n t i n g , p l o w i n g , etc., has been w i d e s p r e a d .
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T h e a p p l i c a t i o n a n d e x t e n s i o n o f these ac t i v i t i e s h a v e p l a y e d a v e r y i m p o r t a n t
r o l e i n i n c r e a s i n g y i e l d a n d i m p r o v i n g q u a l i t y o f g r o u n d n u t . I n recen t years ,
a l t h o u g h t h e d e v e l o p m e n t o f g r o u n d n u t p r o d u c t i o n i n C h i n a has i m p r o v e d , a l o t
o f p r o b l e m s s t i l l ex is t .
• A b o u t 7 0 % o f the t o t a l g r o u n d n u t c u l t i v a t i o n areas are h i l l y - m o u n t a i n o u s ,
i n f e r t i l e , d r y l a n d , o r l o w - l y i n g s a n d y a n d sa l i ne -a l ka l i l a n d , a l l o f w h i c h h a v e a 
v e r y l o w c a p a c i t y t o w i t h s t a n d d r o u g h t o r w a t e r l o g g i n g .
• T h e l o w i n p u t s f o r g r o u n d n u t p r o d u c t i o n . For ins tance , the a m o u n t o f a p p l i e d
o r g a n i c m a n u r e is v e r y l o w , a p p l i c a t i o n o f N P K f e r t i l i ze r i s e m p i r i c a l , a n d t he
scope f o r e n l a r g e m e n t o f i r r i g a t i o n areas i s l i m i t e d .
• P o o r f a r m i n g p rac t i ces s u c h as the d e g e n e r a t i o n a n d m i x t u r e o f va r i e t i es ,
c o n t i n u o u s m o n o c r o p p i n g o f g r o u n d n u t , i r r a t i o n a l c lose s o w i n g , a n d lack o f
c o n t r o l o f d iseases a n d h a r m f u l pests a t t he a p p r o p r i a t e t i m e res t r i c t y i e l d s a n d
q u a l i t y .
• T h e m a i n use o f g r o u n d n u t seeds i s s t i l l f o r o i l e x t r a c t i o n , w h i c h i s less
p r o f i t a b l e t h a n f o r d i r e c t use f o r e a t i n g .
Future Prospects
O n the basis o f t he p resen t s i t u a t i o n i n C h i n a i t i s p r e d i c t e d t ha t b y the yea r 2000,
t he g o a l t h a t t he n a t i o n a l a n n u a l c u l t i v a t e d area u n d e r g r o u n d n u t w i l l r each
a b o u t 3.2 m i l l i o n h a , t he y i e l d a b o u t 3000 kg h a - 1 , a n d the p r o d u c t i o n a b o u t 9 t o 10
m i l l i o n t c o u l d b e r e a l i z e d . A l t h o u g h th is w i l l b e d i f f i c u l t t he p o t e n t i a l s t i l l
r e m a i n s l a rge a n d t he p r o s p e c t b r i g h t . I n o r d e r t o rea l i ze the above g o a l t he
f o l l o w i n g p r i n c i p l e s s h o u l d b e a d h e r e d to : s t a b i l i z i n g the c u l t i v a t i o n area,
i n c r e a s i n g t he y i e l d , i m p r o v i n g t he seed q u a l i t y , a n d i nc r eas i ng the e c o n o m i c
bene f i t . I n a d d i t i o n , sc ient is ts s h o u l d concen t ra te o n the b r e e d i n g f o r q u a l i t y ,
m u l t i p l e res is tance , a n d s p e c i a l - p u r p o s e va r i e t i es , a n d o n the s t u d y o f t he
p h y s i o l o g y a n d m o d e l s o f h i g h y i e l d c u l t i v a t i o n , a n d o n p rocess ing t echn iques
f o r g r o u n d n u t p r o d u c t s . T h e y s h o u l d c o n t i n u e t o c a r r y o u t the e x t e n s i o n ,
p u r i f i c a t i o n a n d r e j u v e n a t i o n o f g r o u n d n u t va r ie t i es , a n d a d v i s e o n i m p r o v e d
c u l t i v a t i o n sys tems . A s l o n g a s the a b o v e s t ra teg ies are c a r r i e d o u t w i t h
d e t e r m i n a t i o n the e x p e c t e d g o a l i n g r o u n d n u t p r o d u c t i o n i n C h i n a s h o u l d b e
f u l l y a c c o m p l i s h e d , a n d the a d v a n t a g e o f i nc reased y i e l d i n g r o u n d n u t
p r o d u c t i o n i n C h i n a w o u l d b e t u r n e d i n t o e c o n o m i c a d v a n t a g e .
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The Status of Technologies used to
Achieve H i g h Groundnut Yields in India
M S Basu and P K Ghosh1
Abstract
G r o u n d n u t i s t he p r e m i e r o i l seed c r o p o f I n d i a ; i t h o l d s a 3 5 % share o f t he t o t a l
o i l seed area (24 m i l l i o n ha) a n d c o n t r i b u t e s n e a r l y 4 0 % o f the t o ta l o i l seeds
p r o d u c t i o n (20 m i l l i o n t ) . T h e l o w l eve l o f p r o d u c t i v i t y i n I n d i a i s l a rge l y because
t h e c r o p i s r a i n f e d , e x p o s e d t o v a r i o u s b i o t i c a n d ab io t i c stresses, a n d t o t he
s o c i o e c o n o m i c fac to rs assoc ia ted w i t h s m a l l a n d m a r g i n a l f a r m e r s i n d r y l a n d
areas.
C o n c e r t e d research e f fo r t s h a v e b e e n m a d e t o a l l ev ia te t he cons t ra in t s b y
e m p h a s i z i n g t he d e v e l o p m e n t o f h i g h - y i e l d i n g va r i e t i es w i t h m u l t i p l e resistances
t o f o l i a r d iseases a n d pes ts , a n d res is tance t o d r o u g h t ; b r e e d i n g f o r ear l iness;
i n t r o d u c i n g e f f i c i en t Rhizobiwn s t ra ins ; a n d d e v e l o p i n g e c o n o m i c a l l y v i a b l e
p r o d u c t i o n a n d p r o t e c t i o n t echno log ies w i t h a n e m p h a s i s o n IPM. T h e use o f
these t e c h n o l o g i e s c a n resu l t i n y i e l d a d v a n t a g e s o f 50-63%. Present research
p r i o r i t i e s are c o n f i n e d t o t he d e v e l o p m e n t o f a c r o p p r o d u c t i o n t e c h n o l o g y f o r
r i ce -based c r o p p i n g sys tems w i t h spec ia l re ference t o a c i d so i l s ; a f l a t o x i n
m a n a g e m e n t ; o n - f a r m research ; a n d d e f i n e d p o s t h a r v e s t t echno log ies . T h e
e n c o u r a g e m e n t o f g r o u n d n u t g r o w e r s ' c o o p e r a t i v e s i n n e w n iches a n d
n o n t r a d i t i o n a l areas w i l l e n s u r e a d e q u a t e p r i c e s u p p o r t a n d m a r k e t i n g t h a t w i l l
c o n t r i b u t e t o a c h i e v i n g h i g h y i e l d s a n d c r o p s u s t a i n a b i l i t y
1. National Research Centre for Groundnut, Post Box-5, Junagadh 362 001, India.
Basu, M.S., and Ghosh, P.K. 1996. The status of technologies used to achieve high groundnut yields in India. (In En.
Summary in Ch.) Pages 27-40 in Achieving high groundnut yields: proceedings of an international workshop, 25-29
Aug 1995, Laixi City, Shandong, China (Renard, C, Gowda, C.L.L, Nigam, S.N., and Johansen, C. eds.). Patancheru
502 324, Andhra Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics.
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Introduction
I n d i a i s f a v o r a b l y e n d o w e d w i t h d i v e r s e a g r o c l i m a t e s t h a t p e r m i t a w i d e a r r a y o f
c r o p s t o b e g r o w n . T h e o i l seeds g r o u n d n u t , rapeseed a n d m u s t a r d , s u n f l o w e r ,
sesame, s a f f l o w e r , n ige r , l i n s e e d , cas tor a n d s o y b e a n are g r o w n i n a b o u t 24.0
m i l l i o n h a , a t o t a l area s e c o n d o n l y t o cereals. A m o n g the o i l seed c rops ,
g r o u n d n u t , a n d rapeseed a n d m u s t a r d a c c o u n t f o r 8 7 % o f the t o t a l p r o d u c t i o n .
C u r r e n t l y g r o u n d n u t i s s o w n o n a n area o f a b o u t 8.4 m i l l i o n h a a n d p r o d u c t i o n i s
7.8 m i l l i o n t o n n e s , m a k i n g I n d i a t he w o r l d ' s la rges t p r o d u c e r . U n l i k e rapeseed
a n d m u s t a r d , t he m a j o r i t y o f t he g r o u n d n u t area (7.0 m ha) i s r a i n f e d a n d d r o u g h t
takes a h e a v y t o l l . T h e r e are a lso c o n s i d e r a b l e y i e l d losses r e s u l t i n g f r o m a 
p l e t h o r a o f d iseases a n d pests. C o n s e q u e n t l y , p r o d u c t i v i t y o f g r o u n d n u t i n
d r y l a n d f a r m i n g s i t u a t i o n s i s l o w (927 k g ha-1 ) . I n con t ras t , t he p r o d u c t i v i t y o f
g r o u n d n u t i n p o s t r a i n y season i s a l m o s t d o u b l e (1567 k g ha - 1 ) a n d the c r o p i s
g r o w n u n d e r i r r i g a t e d / a s s u r e d r e s i d u a l so i l m o i s t u r e c o n d i t i o n s w i t h f e w e r
p r o b l e m s f r o m d iseases a n d pests.
A b o u t 9 1 % o f t he t o t a l g r o u n d n u t area a n d p r o d u c t i o n occu r i n the states o f
A n d h r a P r a d e s h (2.39 m h a , 2.21 m t ) , G u j a r a t (1.91 m ha , 1.24 m t ) , K a r n a t a k a (1.24
m h a , 1.03 m t ) , T a m i l N a d u (1.09 m ha , 1.49 m t ) , M a h a r a s h t r a (0.76 m ha , 0.81 m 
t ) , a n d O r i s s a (0.32 m h a , 0.43 m t ) . T h e r e m a i n i n g area is scat te red t h r o u g h o t h e r
states.
I n I n d i a , g r o u n d n u t i s g r o w n o n a v a r i e t y o f so i ls i n c l u d i n g r e d s a n d y l o a m ,
a l l u v i a l , m i x e d r e d a n d b l a c k , a n d m e d i u m b lack so i ls w i t h t he m o s t s u i t a b l e so i ls
b e i n g w e l l d r a i n e d , l oose , s a n d y l o a m so i ls w e l l s u p p l i e d w i t h c a l c i u m a n d
m o d e r a t e a m o u n t s o f o r g a n i c ma t te r . T h e p H i n I n d i a n so i l r anges f r o m 4.0 t o 9.0
b u t a p H o f 6.0-7.5 a p p e a r s t o b e i d e a l w h e n c o n s i d e r i n g n u t r i e n t ava i l ab i l i t y .
E i g h t y - t h r e e p e r c e n t o f t he t o t a l g r o u n d n u t area t h r o u g h o u t the c o u n t r y
p r o d u c e s a r a i n y season c r o p g r o w n d u r i n g the s o u t h - w e s t m o n s o o n p e r i o d (Jun-
Sep). G r o u n d n u t i n t h e p o s t r a i n y season i s c u l t i v a t e d i n the r e m a i n i n g 17% o f the
area u t i l i z i n g (1) r e s i d u a l m o i s t u r e ( N o v - M a r ) ; (2) s p r i n g season i r r i g a t i o n ; a n d (3)
s u m m e r season i r r i g a t i o n ( F e b - M a y ) . G r o u n d n u t g r o w n u n d e r r e s i d u a l m o i s t u r e
c o n d i t i o n s i s c o n f i n e d t o s o u t h e r n a n d s o u t h - e a s t e r n r e g i o n s a n d i s g r o w n m o s t l y
i n r i ce f a l l o w s d u r i n g O c t - M a r . S u m m e r a n d s p r i n g season i r r i g a t e d g r o u n d n u t
g r o w n d u r i n g J a n - M a y are c o n f i n e d t o t h e c e n t r a l a n d n o r t h e r n states, n a m e l y
G u j a r a t , M a h a r a s h t r a , U t t a r P r a d e s h , M a d h y a P r a d e s h a n d P u n j a b .
M a j o r Constra ints L i m i t i n g G r o u n d n u t Product iv i ty
A n u m b e r o f b i o t i c , a n d a b i o t i c fac to rs l i m i t the p r o d u c t i v i t y i n d i f f e r e n t
p r o d u c t i o n s y s t e m s . D u r i n g t he r a i n y season d r o u g h t stress a t v a r i o u s
p h e n o p h a s e s , t h e use o f l o w leve ls o f i n p u t s b y s m a l l h o l d e r s a n d m a r g i n a l
f a r m e r s i n d r y l a n d areas, a n d the h i g h i n c i d e n c e o f f o l i a r f u n g a l d iseases ( rus t
a n d lea f spo ts ) , p e a n u t b u d necros is d isease, a t t ack b y w h i t e g r u b ( n o r t h I n d i a )
a n d i nsec t pes ts (Spodoptera, Helicoverpa, lea f m i n e r ) m a y a l l r es t r i c t p r o d u c t i v i t y .
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P o s t r a i n y season p r o d u c t i v i t y m a y b e l i m i t e d b y p o o r p l a n t s tands r e s u l t i n g
f r o m loss o f seed v i a b i l i t y , l ack o f f r esh seed d o r m a n c y i n b u n c h va r ie t i es , l ack o f
e a r l y - m a t u r i n g v a r i e t i e s f o r t he r e s i d u a l m o i s t u r e s i t u a t i o n s , p o o r so i l t i l t h i n r i ce
f a l l o w s , l a c k o f c o l d - t o l e r a n t va r i e t i es , a n d n u t r i e n t de f ic ienc ies i n a c i d so i ls .
T h e e s t i m a t e d losses o f y i e l d r e s u l t i n g f r o m these fac tors e i the r s i n g l y o r i n
c o m b i n a t i o n , h a v e b e e n f o u n d t o v a r y f r o m 10-70% d e p e n d i n g u p o n sever i ty .
C o n c e r t e d e f fo r t s w e r e m a d e t o e v o l v e s u p e r i o r g e n o t y p e s w i t h i n b u i l t
r e s i s t a n c e / t o l e r a n c e t o b i o t i c a n d ab io t i c stresses a n d t o d e v e l o p e c o n o m i c a l l y
v i a b l e p r o d u c t i o n a n d p r o t e c t i o n techno log ies .
T o a l l e v i a t e t he c o n s t r a i n t s , m a j o r e m p h a s i s w a s g i v e n to :
• B r e e d i n g f o r res is tance to b i o t i c stresses ( rus t , leaf spo ts , Alternaria, lea f m i n e r ,
Helicoverpa, Spodoptera) a n d ab i o t i c stresses ( d r o u g h t , c o l d , a c i d so i ls ) .
• I n c o r p o r a t i o n o f ear l iness a n d p e g s t r e n g t h i n V i r g i n i a r u n n e r g r o u n d n u t .
• D e v e l o p m e n t o f v a r i e t i e s f o r r a i n f e d ac id so i ls i n gene ra l a n d u p l a n d p a d d y
f a l l o w s i n p a r t i c u l a r , w i t h spec ia l re fe rence t o ear l iness a n d f resh seed
d o r m a n c y .
• D e v e l o p m e n t o f b o l d - s e e d e d va r i e t i es w i t h less a f l a t o x i n r i s k .
• D e v e l o p m e n t o f e f f i c i en t Bradyrhizobium s t ra ins f o r i m p r o v i n g b i o l o g i c a l
n i t r o g e n f i x a t i o n .
• I n t e g r a t e d pes t m a n a g e m e n t ( I P M ) .
• U n d e r t a k i n g ' o n - f a r m ' d e m o n s t r a t i o n s o f the p r o v e n techno log ies .
Descr ip t ion of D i f f e r e n t Product ion Systems
T h e c o n t r i b u t i o n o f d i f f e r e n t t echno log ies i n i nc reas ing g r o u n d n u t p r o d u c t i v i t y i n
I n d i a are s u m m a r i z e d i n Tab le 1 a n d d e s c r i b e d b e l o w .
T a b l e 1 . C o n t r i b u t i o n o f d i f f e ren t p r o d u c t i o n technologies deve loped i n I n d i a .
T e c h n o l o g y
I m p r o v e d v a r i e t y
P a i r e d - r o w s o w i n g
B r o a d b e d - a n d - f u r r o w
Cr iss -c ross s o w i n g
W h e a t s t r a w m u l c h
P r e - m o n s o o n s o w i n g
P r o t e c t i v e i r r i g a t i o n
Bradyrhizobium
G y p s u m a p p l i c a t i o n
I n t e g r a t e d Pest M a n a g e m e n t
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I m p r o v e d Var ie ty
Since i n c e p t i o n o f t he A l l I n d i a C o o r d i n a t e d Research Pro jec t o n O i l seeds i n 1967
a s m a n y a s 9 0 g r o u n d n u t va r i e t i e s h a v e b e e n re leased i n d i f f e r e n t h a b i t g r o u p s f o r
g e n e r a l c u l t i v a t i o n . M a n y o f t h e m are s e a s o n / l o c a t i o n - s p e c i f i c va r i e t i es re leased
f o r d i f f e r e n t a g r o c l i m a t i c zones .
P r i o r t o 1980, b r e e d i n g e f fo r t s w e r e d i r e c t e d m a i n l y t o w a r d s i m p r o v i n g the
y i e l d p e r se. W i t h t h e i d e n t i f i c a t i o n o f res is tance sources t o m a j o r d iseases a n d
insec t pes ts , res is tance b r e e d i n g r ece i ved a s t r o n g s t i m u l u s r e s u l t i n g i n
i d e n t i f i c a t i o n o f t o l e r a n t va r i e t i es . I m p o r t a n t charac te r i s t i c fea tu res o f t h e recen t l y
re leased i m p r o v e d g r o u n d n u t va r i e t i es i n I n d i a are g i v e n i n Tab le 2 .
I n t r a d i t i o n a l g r o u n d n u t - g r o w i n g areas f a r m e r s w i t h f a i r l y l a rge h o l d i n g s
u s u a l l y k e e p t h e i r o w n seed a n d rep lace th i s seed a t a n i n t e r v a l o f 3-4 years . I n
n o n t r a d i t i o n a l areas w h e r e g r o u n d n u t i s g r o w n o n l y d u r i n g the p o s t r a i n y season,
f a r m e r s p r o c u r e f r e s h seed e v e r y yea r as s to rage b e t w e e n seasons causes a r a p i d
loss o f seed v i a b i l i t y .
In I n d i a , g r o u n d n u t b reede rs are ass igned a ta rge t o f p r o d u c i n g 600 - 700 t o f
b r e e d e r seed o f i m p r o v e d va r i e t i es a n n u a l l y a n d those seeds are p u t i n t o the
F o u n d a t i o n a n d C e r t i f i e d Seed p r o d u c t i o n c h a i n b y t he s e e d - p r o d u c i n g agenc ies
i n b o t h p u b l i c a n d p r i v a t e sectors . T h e c e r t i f i e d seeds once p r o d u c e d , are
p rocessed a n d m a r k e t e d a t s ta te l e v e l b y t he respec t i ve seed p r o d u c i n g a g e n c y
S o w i n g T i m e
R a i n y season crop. T h e o p t i m u m s o w i n g t i m e ranges f r o m the second f o r t n i g h t
o f J u n t o t he f i r s t f o r t n i g h t o f J u l , d e p e n d i n g u p o n the onset o f m o n s o o n . Pre-
m o n s o o n s o w i n g w i t h 1 o r 2 i r r i g a t i o n ( s ) w a s f o u n d t o b e bene f i c i a l a n d i nc reased
p o d y i e l d b y 16-20%.
Post ra iny season. S ince l o w t e m p e r a t u r e (<18°C) af fects t he g e r m i n a t i o n
p rocess i n g r o u n d n u t , s o w i n g i s u s u a l l y d o n e f r o m the second f o r t n i g h t o f Jan
w h e n t h e t e m p e r a t u r e s tar ts r i s i n g . I n r e s i d u a l m o i s t u r e areas ( r i c e - b a s e d / r i v e r
b e d ) s o w i n g i s d o n e d u r i n g Sep-Oct , i m m e d i a t e l y a f te r the h a r v e s t o f r i c e /
r e c e d i n g o f r i v e r w a t e r . I n n o r t h e r n states, g r o u n d n u t i s u s u a l l y g r o w n a f te r the
h a r v e s t of T o r i a ( r ape seed - Brassica campestris L. v a r Sarson) or p o t a t o , a n d in s u c h
cases t he c r o p i s s o w n d u r i n g M a r c h .
M e t h o d o f S o w i n g
G r o u n d n u t i s u s u a l l y s o w n i n f l a t beds w i t h spac ings o f 30 x 10 cm f o r b u n c h , 30 x 
15 cm f o r s e m i s p r e a d i n g , a n d 45 x 15 cm f o r s p r e a d i n g va r i e t i es . Seed ra te a lso
v a r i e s f r o m 100-120 k g k e r n e l h a - 1 i n case o f b u n c h va r i e t i es a n d 90-100 k g k e r n e l
ha - 1 f o r s p r e a d i n g / s e m i s p r e a d i n g va r ie t i es . Gene ra l l y , g r o u n d n u t f a r m e r s use
c o u n t r y s e e d - d r i l l s f o r s o w i n g t h e seed . Fo r l a rge scale s o w i n g , t r ac to r m o u n t e d
seed d r i l l s a re u s e d i n m a j o r g r o u n d n u t - g r o w i n g areas. Seeds are u s u a l l y p l a c e d




Pai red r o w s o w i n g . S o w i n g o f g r o u n d n u t i n s e t - f u r r o w a n d w i d e r - r o w s p a c i n g
(90 cm apa r t ) i s a c o m m o n p rac t i ce a m o n g s t f a rme rs i n t he Saurash t ra r e g i o n o f
G u j a r a t . S e t - f u r r o w f a r m e r s are n o w s w i t c h i n g o v e r t o the p a i r e d r o w m e t h o d o f
s o w i n g w h i c h increases p o d y i e l d b y 28%. I n th i s m e t h o d t w o pa i r s o f r o w s are
spaced a t 4 5 c m apa r t . W i t h i n the p a i r e d r o w seeds are s o w n m o r e w i d e l y spaced
(22.5 c m ) . T h i s keeps t he p l a n t p o p u l a t i o n e v e n l y d i s t r i b u t e d . Since the same
q u a n t i t y o f seed u s e d f o r o n e s ing le r o w spaced 9 0 c m a p a r t i s d i s t r i b u t e d i n a 
p a i r o f r o w s , t he re i s n o increase i n the seed ra te . Ra ther i n t e r - p l a n t c o m p e t i t i o n
f o r l i g h t , m o i s t u r e , a n d n u t r i e n t s i s r e d u c e d to a great ex ten t r e s u l t i n g i n h i g h e r
p o d y i e l d .
Criss-cross s o w i n g . C h a n g e i n d i r e c t i o n o f s o w i n g has been f o u n d t o increase
y i e l d i n g r o u n d n u t b y 18% a s c o m p a r e d t o n o r m a l s o w i n g i n the p o s t r a i n y season.
M i n i m i z a t i o n o f i n t e r - p l a n t c o m p e t i t i o n d u e t o u n i f o r m d i s t r i b u t i o n o f seed i n the
cr iss-cross m e t h o d m i g h t b e respons ib le f o r y i e l d i m p r o v e m e n t . I n the cr iss-cross
m e t h o d , t he f i r s t h a l f o f t he seed i s s o w n i n o n e d i r e c t i o n a d o p t i n g r e c o m m e n d e d
r o w - t o - r o w s p a c i n g , a n d t h e n the r e m a i n i n g h a l f i s s o w n a t 90° t o t he o r i g n a l
d i r e c t i o n b y a d o p t i n g t he s a m e r o w spac ing . T h i s p rac t i ce i s f o l l o w e d i n r i ce -
based c r o p p i n g sys tems t o a v o i d l o w p l a n t s tands d u e t o p o o r so i l t i l t h .
B r o a d b e d - a n d - f u r r o w m e t h o d . T h i s m e t h o d o f s o w i n g , d e v e l o p e d b y ICR ISAT ,
has b e e n f o u n d m o r e bene f i c ia l t h a n t r a d i t i o n a l f l a t b e d i n b o t h r a i n y a n d
p o s t r a i n y seasons. O n ave rage , 15% h i g h e r y i e l d has been r e c o r d e d fo r t he
b r o a d b e d m e t h o d o f s o w i n g . T h e y i e l d increase m a y b e a t t r i b u t e d t o t he
r e d u c t i o n i n so i l c o m p a c t i o n a r o u n d the p o d zone , be t te r c o n s e r v a t i o n o f
m o i s t u r e , a n d a u n i f o r m p l a n t s t a n d .
M u l c h i n g
I n the p o s t r a i n y season, l o w t e m p e r a t u r e (<18°C) a t the t i m e o f s o w i n g af fects
g e r m i n a t i o n w h e r e a s h i g h t e m p e r a t u r e affects p o d d e v e l o p m e n t a t a la ter s tage.
U s e o f w h e a t s t r a w a t 5 t ha - 1 a p p l i e d u n i f o r m l y on the sur face af ter s o w i n g o f
g r o u n d n u t m i n i m i z e d t he t e m p e r a t u r e f l u c t u a t i o n d u r i n g the c r o p g r o w t h a n d
r e s u l t e d i n h i g h e r p o d y i e l d . W h e a t s t r a w m u l c h n o t o n l y ra ised so i l t e m p e r a t u r e
by 2-3°C a t e m e r g e n c e a n d ea r l y v e g e t a t i v e stages, b u t also l o w e r e d the so i l
t e m p e r a t u r e b y 3-5°C d u r i n g the p o d d e v e l o p m e n t stage.
Recent s t u d y has a lso revea led tha t t he use o f p o l y t h e n e m u l c h ra i sed so i l
t e m p e r a t u r e b y 5-6°C r e s u l t i n g i n q u i c k e r g e r m i n a t i o n (5-6 d a y s af ter s e e d i n g a s
c o m p a r e d t o 10-12 d a y s w i t h w h e a t s t r a w ) . I n c o n t r o l p l o t s the en t i r e g e r m i n a t i o n
process t o o k a b o u t 2-3 w e e k s . T h i s m u l c h t e c h n o l o g y i s v e r y u s e f u l i n t h e n o r t h -
eas te rn areas w h e r e l o w t e m p e r a t u r e d u r i n g the p o s t r a i n y season in te r fe res w i t h
g e r m i n a t i o n o f g r o u n d n u t seed.
Fer t i l i zer Use
T h e N P K f e r t i l i z e r doses r e c o m m e n d e d fo r t h e m a j o r g r o u n d n u t - g r o w i n g states
i n I n d i a are 15-20 kg N , 17.5-26.2 kg P a n d 0-37.4 kg K ha - 1 . H o w e v e r , i t d i f f e r s
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f r o m r e g i o n t o r e g i o n a n d g r o w i n g s i t ua t i ons . S ing le s u p e r p h o s p h a t e (SSP) a n d
a m m o n i u m s u l p h a t e are t he p r e f e r r e d fe r t i l i ze rs fo r g r o u n d n u t c rops . H a l f the
n i t r o g e n a n d a f u l l dose o f p h o s p h o r u s i s a p p l i e d a t the t i m e o f s o w i n g a n d the
r e m a i n i n g h a l f o f N a t 25-30 D A S . Since I n d i a n so i ls are gene ra l l y r i c h i n K , un less
the so i l has less t h a n 150 kg ha- 1 o f ava i l ab le K , there i s no need to a p p l y K .
G y p s u m i s ab le t o p r o v i d e C a a n d S , a n d i s k n o w n t o increase p o d y i e l d . T h e
response o f g y p s u m a n d C a a p p l i c a t i o n t o g r o u n d n u t w a s q u a d r a t i c . A p p l i c a t i o n
o f 750 kg g y p s u m ha - 1 i nc reased p o d y i e l d by 2 4 % o v e r the c o n t r o l . S ince there i s
l i t t l e r e s i d u a l ef fect o f g y p s u m i t i s necessary to repeat the a p p l i c a t i o n e v e r y
season. As Ca a n d S are r e l a t i v e l y i m m o b i l e i n p l a n t t issue, a n d are n o t
t r ans loca ted i n su f f i c ien t q u a n t i t i e s f r o m the r oo t t o d e v e l o p i n g p o d s , a p p l i c a t i o n
is , the re fo re , m a d e as c lose to the p o d zone as poss ib le .
A m a j o r i t y o f the r i ce f a l l o w s w h e r e g r o u n d n u t i s g r o w n are ac id ic .
A p p l i c a t i o n of l i m e at 1.5-2 t ha - 1 is bene f i c ia l s ince i t i m p r o v e s the base
s a t u r a t i o n , i nac t i va tes A l , F e a n d M n p resen t i n excess, a n d reduces P f i x a t i o n . I n
the absence of l i m e , a m i x t u r e of SSP a n d rock p h o s p h a t e at 60-80 kg ha - 1 (1:1) is
a p p l i e d .
W e e d M a n a g e m e n t
D u r i n g the r a i n y season g r o u n d n u t m u s t c o m p e t e w i t h severa l w e e d species
s ince the a n n u a l grasses a n d seasonal b road - l ea f w e e d s g r o w l u x u r i a n t l y a n d
d o m i n a t e d u r i n g th i s season as c o m p a r e d t o the p o s t r a i n y season. S p a n i s h b u n c h
t ypes are m o r e a f fec ted t h a n V i rg in ia t ypes . T h e average loss o f y i e l d o w i n g t o
c r o p - w e e d c o m p e t i t i o n i s a b o u t 25-50%. W e e d c o m p e t i t i o n i n the ea r l y stages o f
g r o u n d n u t g r o w t h i s m a x i m u m because o f s l o w i n i t i a l f o l i age g r o w t h . H o w e v e r ,
c o m p e t i t i o n i s r e l a t i v e l y l o w a t the e n d o f the e x p a n s i o n p h e n o p h a s e w h e n
c o m p l e t e g r o u n d cove r i s a t t a i n e d b y the g r o u n d n u t c a n o p y T h e c r i t i ca l p e r i o d
fo r w e e d c o m p e t i t i o n w a s f o u n d t o b e 4 5 D A S . T h e f i rs t h a n d w e e d i n g o r
h a r r o w i n g i n g r o u n d n u t i s u s u a l l y d o n e a t 2 5 d a y s a n d repea ted once o r t w i c e
d e p e n d i n g u p o n t he w e e d v i go r . B e y o n d 4 5 D A S n o w e e d i n g i s d o n e t o a v o i d
d a m a g e t o the g r o w i n g pegs a n d d e v e l o p i n g p o d s . T h e r e c o m m e n d e d he rb i c i des
f o r g r o u n d n u t i n I n d i a are a lach lo r a t 1.0 - 1 . 5 kg a. i . ha - 1 ; b u t a c h l o r a t 0.5 kg a. i .
ha - 1 ; p e n d i m e t h a l i n a t 1.0 kg a. i . ha - 1 , a n d f l u c h l o r a l i n a t 0.7 kg a. i . ha - 1 . S ince a 
m e c h a n i c a l o r c u l t u r a l m e t h o d a lone does n o t ensure weed - f r ee c o n d i t i o n s , the
use o f h e r b i c i d e i n c o m b i n a t i o n w i t h a c u l t u r a l m e t h o d i s a d v o c a t e d .
M i c r o n u t r i e n t s
G r o u n d n u t i s h i g h l y suscep t i b l e t o F e def ic iency . I r o n ch lo ros is i n g r o u n d n u t has
been r e p o r t e d f r o m a l l t he m a j o r g r o u n d n u t - g r o w i n g areas espec ia l l y i n
ca lcareous so i l h a v i n g f ree ca rbona te a n d b i ca rbona te . Fo l ia r a p p l i c a t i o n o f 0.5%
FeSO 4 + 0 . 1 % c i t r i c a c i d has been f o u n d to cor rec t the y e l l o w i n g . G e n o t y p e s
t o l e r a n t t o Fe ch lo ros i s h a v e been i d e n t i f i e d . A m o n g the re leased va r ie t i es , GG 2 
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i s t o l e r a n t t o i r o n ch lo ros is . Z i n c de f i c i ency i s a lso w i d e s p r e a d i n m o s t areas.
A p p l i c a t i o n o f 15-25 kg Z n S O 4 to the so i l once in 3 years i s a r e c o m m e n d e d
p rac t i ce t o o v e r c o m e the def ic iency . Soi ls o f T a m i l N a d u , M a h a r a s h t r a , a n d U t t a r
P r a d e s h h a v e been f o u n d t o be de f i c i en t i n b o r o n . A b o u t 5-10 kg b o r a x ha - 1 i s
a p p l i e d t o so i l a t t he t i m e o f f i n a l l a n d p r e p a r a t i o n t o cor rec t the def ic iency.
Biofer t i l i zer
T h e p o p u l a t i o n o f n a t i v e Bradyrhizobium i n r i ce - f a l l ows i s u s u a l l y l o w d u e t o
anaerob ic c o n d i t i o n s c reated w h i l e r e t a i n i n g w a t e r i n the f i e l d d u r i n g r i ce
c u l t i v a t i o n . T w o i m p r o v e d s t ra ins , n a m e l y I G R 6 a n d I G R 40, d e v e l o p e d fo r r i ce
f a l l o w s , i nc reased p o d y i e l d o f g r o u n d n u t b y 150 - 170 k g ha ' 1 . U n l i k e o the r
s t ra ins , I G R 6 a n d I G R 4 0 w e r e f o u n d to le ran t o f c o m m o n l y u s e d seed- t rea t ing
f u n g i c i d e s l i k e Bav i s t i n® a n d t h i r a m . These t w o s t ra ins are n o w ava i lab le t o
f a r m e r s a t n o m i n a l cost t h r o u g h a w i d e m a n u f a c t u r i n g n e t w o r k .
G r o u n d n u t - b a s e d C r o p p i n g Systems
Sequent ia l crops. T h i s re fers t o g r o w i n g m o r e t h a n one c r o p i n success ion o n
the s a m e p iece o f l a n d i n a year. G r o u n d n u t i s u s u a l l y r o t a t e d w i t h w h e a t a n d
pu l ses i n n o r t h e r n states, a n d w i t h s o r g h u m a n d s u n f l o w e r i n s o u t h e r n states.
G r o u n d n u t - g r o u n d n u t r o t a t i o n i s p r a c t i c e d w h e r e i r r i g a t i o n fac i l i t i es are
ava i l ab l e . I n m u l t i p l e c r o p p i n g sys tems , r i c e - g r o u n d n u t - g r e e n g r a m , r i ce -
g r o u n d n u t - r i c e , r i c e - g r o u n d n u t - p e a r l m i l l e t r o t a t i o n s are f o l l o w e d . I n g r o u n d n u t -
p e a r l m i l l e t r o t a t i o n s the p r e c e d i n g g r o u n d n u t c r o p increased the y i e l d o f p e a r l
m i l l e t b y 22.8%. I n cen t ra l pa r t s o f I n d i a , g r o u n d n u t - c o t t o n , g r o u n d n u t - s o r g h u m
a n d g r o u n d n u t - p i g e o n p e a sequences are p r a c t i c e d . I n the eas tern r e g i o n m u s t a r d
y i e l d (1.3 t ha - 1 ) w a s m o r e a f ter g r o u n d n u t t h a n af ter r i ce o r m a i z e . In recent years
a r i c e - g r o u n d n u t sequence has g a i n e d m o m e n t u m i n the coastal be l t o f A n d h r a
P r a d e s h , T a m i l N a d u , K e r a l a , Or i ssa , West Benga l , A s s a m a n d n o r t h - e a s t e r n
states, a n d has b e e n f o u n d t o b e m o r e r e m u n e r a t i v e . Sho r t d u r a t i o n , h i g h - y i e l d i n g
va r i e t i es o f r i ce l i k e B a n a p r a v a (85 days ) , K a l i n g a (85 days ) , a n d A n a n d a (105
days ) are b e i n g i n t r o d u c e d i n r i c e - g r o u n d n u t r o t a t i ons t o fac i l i ta te e a r l y s o w i n g
o f g r o u n d n u t a n d o p t i m i z e so i l m o i s t u r e u t i l i z a t i o n .
I n t e r c r o p p i n g . I n th i s s y s t e m 3-10 l ines o f g r o u n d n u t are i n t e r c r o p p e d w i t h 1-5
l i nes o f c o m p a n i o n c rops . Resu l ts o f s o m e p r o m i s i n g i n t e r c r o p p i n g s p r a c t i c e d i n
d i f f e r e n t p a r t s o f the c o u n t r y revea led t ha t the i n t e r c r o p p i n g s y s t e m w a s m o r e
r e m u n e r a t i v e t h a n so le c rops g i v i n g a h i g h e r ne t m o n e t a r y r e t u r n . De ta i l s o f the
r e c o m m e n d e d i n t e r c r o p p i n g s are g i v e n i n Table 3 .
Water M a n a g e m e n t
A g r o u n d n u t c r o p requ i res o n a n average 400-500 m m o f wa te r . I n I n d i a , r a i n y
season g r o u n d n u t i s sub jec ted to t he vagar ies o f the m o n s o o n . Wa te r stress a t
f l o w e r i n g , p e g g i n g , a n d p o d d e v e l o p m e n t stages d i m i n i s h e s y i e l d d ras t i ca l l y .
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Tab le 3 . D i f f e r e n t in te rc ropp ing systems in I n d i a .
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1. 1 US$ = Rs.30/-
2. LER = Land Equivalent ratio.
3. Data not available.
P r o v i s i o n o f p r o t e c t i v e i r r i g a t i o n d u r i n g c r i t i c a l stages increases p o d y i e l d t o the
ex ten t o f 33-63%.
W h e r e a s , i n the p o s t r a i n y season f r e q u e n t i r r i g a t i o n s (12-20) are r e q u i r e d fo r
r e a l i z i n g h i g h p o d y i e l d , w i t h h o l d i n g i r r i g a t i o n af ter the es tab l i shmen t o f
s e e d l i n g t o f l o w e r i n i t i a t i o n (30-50 days ) a n d t h e n re leas ing w a t e r stress t h r o u g h
f l o o d i r r i g a t i o n has resu l t ed i n s y n c h r o n o u s f l o w e r i n g a n d u l t i m a t e l y h i g h e r
y i e l d s . T h e best a n d cheaper m e t h o d o f i r r i g a t i o n i s b o r d e r s t r i p b u t f a rme rs f i n d
check -bas in i r r i g a t i o n m o r e c o n v e n i e n t t o use.
Plant Protect ion
Insect pests. G r o u n d n u t c rops are a t t acked by a n u m b e r o f insect pests f r o m
s o w i n g t o s to rage . T h e e c o n o m i c a l l y i m p o r t a n t g r o u n d n u t insect pests are leaf
m i n e r , jass ids , r e d h a i r y ca te rp i l l a r a n d tobacco ca te rp i l l a r i n s o u t h e r n pa r t s o f
I n d i a , w h e r e a s , jass ids , a p h i d s , t h r i p s , lea f m i n e r , a n d tobacco ca te rp i l l a r are
i m p o r t a n t i n c e n t r a l a n d w e s t e r n I n d i a . I n s a n d y so i ls o f n o r t h e r n I n d i a w h i t e
g r u b i s the m o s t i m p o r t a n t pest . T h e m a i n e m p h a s i s i n t he pas t has b e e n o n
c h e m i c a l c o n t r o l . S o m e chem ica l s l i k e m o n o c r o t o p h o s (0.05%) f o r c o n t r o l o f
a p h i d s , jass ids a n d t h r i p s , c a r b a r y l (0.2%) f o r r e d h a i r y ca te rp i l l a r a n d leaf m i n e r ,
q u i n o l p h o s (0.05%) f o r tobacco ca te rp i l l a r , are a d v o c a t e d . E f fo r t s h a v e been m a d e
t o c o m b i n e c u l t u r a l p rac t i ces a n d h o s t - p l a n t res is tance t o d e v e l o p i n t e g r a t e d pes t
m a n a g e m e n t ( I P M ) sys tems . S o m e o f t he w i d e l y u s e d I P M techno log ies are:
s h i e l d i n g t he g r o u n d n u t c r o p w i t h i n 1 - 2 r o w s o f castor a n d p e a r l m i l l e t ; g r o w i n g
1 r o w o f s o y b e a n p e r 4 r o w s o f g r o u n d n u t as a t r a p c r o p ; k e e p i n g 10 p h e r o m o n e
t raps ha - 1 f o r leaf m i n e r a n d 8 t r aps f o r Spodoptera; a n d u s i n g th ree s p r a y s o f
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i n sec t i c i de m i x t u r e ( c r u d e n e e m o i l + p h o s p h a m i d o n + endosu l f an ) a t 15-day
i n t e r v a l s .
I n recen t years , g e n o t y p e s h a v e been screened fo r res istance to t h r i p s , jass ids ,
leaf m i n e r , Spodoptera a n d a p h i d s . Breeders are i n c o r p o r a t i n g these resistances
i n t o h i g h - y i e l d i n g , commerc i a l l y - accep tab le cu l t i va r s .
D i seases . E a r l y leaf s p o t (ELS), la te leaf spo t (LLS) , a l te rna r ia leaf spo t , r us t , a n d
b u d necros is d isease ( B N D ) are the e c o n o m i c a l l y i m p o r t a n t f o l i a r diseases o f
g r o u n d n u t i n I n d i a . A l s o , seed a n d so i l bo rne diseases l i ke co l la r ro t , s t e m ro t , a n d
d r y r o o t r o t are c o n s i d e r e d t o be the m a j o r l i m i t a t i o n s . These diseases are capab le
o f c a u s i n g c u m u l a t i v e y i e l d losses o f u p t o 70%. Chem ica l s used fo r c o n t r o l o f
f o l i a r d iseases are a m i x t u r e of Bav i s t i n® (0.05%) + D i t h a n e - M 45® (0.2%) s p r a y e d
a t 2-3 w e e k i n t e r v a l s . T h e c h e m i c a l c o n t r o l o f f o l i a r diseases o f g r o u n d n u t i s
e f fec t i ve b u t expens i ve . A s a n a l t e r n a t i v e , ea r l y s o w i n g a n d i n t e r c r o p p i n g w i t h
p i g e o n p e a a n d castor i s a d v o c a t e d t o r educe the seve r i t y o f L L S a n d rus t . T h e
e a r l y a n d la te leaf spo ts are r e d u c e d b y 33-63% w h e n g r o u n d n u t i s i n t e r c r o p p e d
w i t h p i g e o n p e a a n d s p r a y e d t w i c e a t 5 5 a n d 7 0 D A S w i t h f u n g i c i d e m i x t u r e
( C a r b e n d a z i m ® 0.05% + M a n c o z e b ® 0.2%).
B u d necros is i s a v i r u s d isease t r a n s m i t t e d by t h r i p s . C h e m i c a l c o n t r o l o f the
vec to r i s n o t a l w a y s e f fec t i ve . C u l t u r a l m e t h o d s s u c h as t i m e l y s o w i n g , c loser
s p a c i n g , a n d i n t e r c r o p p i n g w i t h cereals h e l p i n r e d u c i n g the disease i nc i dence i n
the f i e l d .
B r e e d i n g fo r res is tance t o diseases has rece ived m o r e a t t e n t i o n i n I n d i a .
S i g n i f i c a n t p rog ress has been m a d e i n d e v e l o p i n g c u l t i v a r s res is tan t t o r us t , la te
leaf s p o t a n d b u d necros is diseases. Some o f the f o l i a r d isease-res is tant va r ie t ies
d e v e l o p e d a n d re leased are G i r n a r 1 , I C G (FDRS) 10, I C G V 86590, a n d R 8806.
Harves t , D r y i n g , a n d Storage
T h e c r o p i s h a r v e s t e d m a n u a l l y b y s m a l l a n d m a r g i n a l f a rmers . I n the case o f
l a rge h o l d i n g s t rac to r o r b u l l o c k - d r a w n d i gge rs are u s e d . A t the t i m e o f
h a r v e s t i n g , g r o u n d n u t p o d s u s u a l l y have a m o i s t u r e con ten t a r o u n d 4 0 % a t
p h y s i o l o g i c a l m a t u r i t y . The re fo re , p r o p e r d r y i n g i s necessary t o b r i n g the
m o i s t u r e l eve l t o <10%. G e n e r a l l y s m a l l f a r m e r s s t r i p o f f the p o d s s o o n af ter
ha rves t a n d c a r r y h o m e the p r o d u c e f o r d r y i n g . W h e r e h o l d i n g s are la rge , p l a n t s
are k e p t i n the f i e l d o r i n s m a l l heaps f o r s u n d r y i n g be fo re s t r i p p i n g o f f p o d s w i t h
m e c h a n i c a l th reshers . Fa rmers u s u a l l y d i spose o f the i r g r o u n d n u t p o d s w i t h i n 3 -
4 w e e k s a f ter ha rves t , a l t h o u g h r i c h f a r m e r s s tore the p o d s f o r 3 - 4 m o n t h s in the
h o p e o f f a v o r a b l e m a r k e t p r i ces .
R a p i d loss o f seed v i a b i l i t y i s a p e r p e t u a l p r o b l e m in p o s t r a i n y season
g r o u n d n u t . F a r m e r s are n o t ab le t o c a r r y o v e r seed f r o m one p o s t r a i n y season t o
a n o t h e r un less the f o l l o w i n g l o w cost t e c h n o l o g y i s i m p l e m e n t e d .
• D e l a y h a r v e s t as m u c h as poss ib le a f ter g i v i n g the las t i r r i g a t i o n t o b r i n g d o w n
the p o d m o i s t u r e to a des i rab le l eve l .
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• H a r v e s t the c r o p a t p h y s i o l o g i c a l m a t u r i t y .
• A l l o w s l o w d r y i n g o f p l a n t s i n t he shade w i t h the i r p o d s in tac t .
• T h e p o d s h o u l d g i v e a r a t t l i n g s o u n d a t t he t i m e o f s t r i p p i n g .
• B r i n g d o w n t he p o d m o i s t u r e t o the l eve l o f 8-9% b y r e g u l a r d r y i n g .
• W h e n the p o d s are t h o r o u g h l y d r i e d , t h e y m a y b e s to red i n p o l y t h e n e - l i n e d
g u n n y bags a l o n g w i t h c a l c i u m c h l o r i d e a t 250 g fo r a 30 kg b a g . T h e c a l c i u m
c h l o r i d e s h o u l d b e p l a c e d i n a w i d e - m o u t h e d p las t i c bo t t l e w i t h pores i n i ts
u p p e r p o r t i o n .
T h i s m e t h o d keeps up t o 8 0 % o f seed v i a b l e f o r a p e r i o d o f 8-10 m o n t h s . T h i s
t e c h n o l o g y has s o l v e d the f a r m e r s ' p r o b l e m i n the areas w h e r e g r o u n d n u t i s o n l y
g r o w n i n r i c e - f a l l o w s d u r i n g the p o s t r a i n y season.
Af la tox in
A f l a t o x i n p r o d u c t i o n on g r o u n d n u t caused by the Aspergillus flavus g r o u p o f f u n g i
takes p l ace m a i n l y d u r i n g pos t -ha rves t p rocess ing a n d s torage. I n I n d i a 8 1 % o f
the k e r n e l s are i m m e d i a t e l y c r u s h e d fo r o i l a n d so a f l a t o x i n i s n o t a p r o b l e m in the
d o m e s t i c m a r k e t . H o w e v e r , a f l a t o x i n i s a c o n c e r n in e x p o r t a b l e c o m m o d i t i e s , i.e.,
k e r n e l , o i l seed cake , etc. Recen t l y b o l d - t o m e d i u m - b o l d - s e e d e d g e n o t ypes
res is tan t to i n v a s i o n , c o l o n i z a t i o n a n d p r o d u c t i o n o f a f l a t o x i n by A . flavus h a v e
b e e n i d e n t i f i e d f o r e x p o r t p u r p o s e s .
U t i l i z a t i o n a n d M a r k e t i n g
I n I n d i a , a b o u t 8 1 % o f the g r o u n d n u t p r o d u c e d i s u s e d i n o i l e x t r a c t i o n , 12% a s
seed , 6 % f o r e d i b l e use a n d 1 % f o r e x p o r t . A w e l l - o r g a n i z e d m a r k e t i n g s y s t e m fo r
g r o u n d n u t ex is ts i n I n d i a . G r o u n d n u t i s m a r k e t e d m o s t l y a s n u t s i n she l l a n d v e r y
l i t t l e a s k e r n e l . T h e p e r i o d o f m a r k e t i n g i s m a i n l y N o v - D e c w h e n a b o u t 70-80% o f
the m a r k e t a b l e s u r p l u s i s s o l d i n the m a r k e t d i r e c t l y b y f a rme rs . T h e vege tab le o i l
w i n g o f t he N a t i o n a l D a i r y D e v e l o p m e n t B o a r d ( N D D B ) w a s a u t h o r i z e d b y the
G o v e r n m e n t o f I n d i a t o u n d e r t a k e the M a r k e t I n t e r v e n t i o n O p e r a t i o n ( M I O ) t o
ensu re a fa i r p r i c e to p r o d u c e r s a n d a fa i r dea l t o c o n s u m e r s . The M I O b r o u g h t
a b o u t p r i c e s t a b i l i z a t i o n i n e d i b l e o i l s w i t h a reasonab le degree o f success.
N D D B has a lso d e v e l o p e d p rocess ing fac i l i t i es t h r o u g h o u t the c o u n t r y fo r
c r u s h i n g , s o l v e n t e x t r a c t i o n , a n d r e f i n i n g o f o i l b y coopera t i ves .
O i l Y i e l d a n d Q u a l i t y
For be t te r o i l y i e l d a n d q u a l i t y , t he r u n n e r va r ie t ies s h o u l d b e h a r v e s t e d b e t w e e n
140-145 d a y s , a n d the V i r g i n i a b u n c h b e t w e e n 130-135 d a y s af ter s o w i n g .
M a c h i n e r y
I n I n d i a , m a c h i n e s ava i l ab le f o r s h e l l i n g , t h r e s h i n g , a n d d i g g i n g are p o p u l a r w i t h
g r o u n d n u t f a r m e r s . E q u i p m e n t l i k e p l an te rs w h i c h can m a i n t a i n p l a n t - t o - p l a n t
s p a c i n g w i t h i n a r o w , w e t th reshers , a n d g rade rs are i n d e m a n d . T h e g r o u n d n u t
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p l a n t e r d e v e l o p e d b y T a m i l N a d u A g r i c u l t u r a l U n i v e r s i t y , C o i m b a t o r e , i s
r e p o r t e d t o b e i d e a l l y s u i t e d f o r s o w i n g g r o u n d n u t i n s a n d y l o a m soi ls a n d can
regu la te s p a c i n g b o t h b e t w e e n r o w s a n d b e t w e e n p l a n t s w i t h i n the r o w .
M i s s i o n M o d e A p p r o a c h
W i t h the l a u n c h i n g o f the T e c h n o l o g y M i s s i o n on O i lseeds i n 1986 there has been a 
q u a n t u m j u m p i n the p r o d u c t i o n o f o i lseeds f r o m 13 m i l l i o n t (1985) t o 20.4 m i l l i o n
t (1993) a n d c o n s e q u e n t l y i t has been poss ib le to m a k e the c o u n t r y se l f - re l ian t i n
e d i b l e o i l T h i s has r e s u l t e d f r o m the i n t e g r a t e d a n d m u t u a l l y synerg is t i c po l i c ies
a n d measu res i n i t i a t e d b y the M i s s i o n l i k e (1) d e c l a r a t i o n o f m i n i m u m s u p p o r t
p r i ces f o r o i l seeds w i t h assured m a r k e t s u p p o r t a n d a n i n t e r v e n t i o n m e c h a n i s m ;
(2) a v a i l a b i l i t y o f easy c r e d i t a n d o the r f a r m e r s ' s u p p o r t serv ices; (3) d e v e l o p m e n t
o f l oca t i on -spec i f i c p r o d u c t i o n / p r o t e c t i o n techno log ies a n d the i r t rans fer ; (4)
b u i l d i n g u p o f b u f f e r s tock o f o i l f o r e f fec t i ve m a r k e t i n t e r v e n t i o n t o p r e v e n t s teep
p r i c e f l u c t u a t i o n s .
T h e cha l l enge , h o w e v e r , i s t o keep the d e m a n d - s u p p l y g a p a t a m i n i m u m leve l
c o n s i d e r i n g the p resen t p o p u l a t i o n g r o w t h . B y the t u r n o f the cen tu ry , the c o u n t r y
i s r e q u i r e d to p r o d u c e a b o u t 26 m i l l i o n t o f o i lseeds f r o m a l m o s t the same area
s ince the poss ib i l i t i es f o r area e x p a n s i o n are l i m i t e d . T h u s , there i s no o p t i o n b u t
t o w o r k t o w a r d s i nc reas ing the p r o d u c t i v i t y l eve l o f t he o i l seed c rops . T h e
N a t i o n a l Research C e n t r e f o r G r o u n d n u t , J u n a g a d h a n d the A l l I n d i a
C o o r d i n a t e d Research Pro ject o n G r o u n d n u t , t h r o u g h i ts 2 4 research s ta t ions
scat te red t h r o u g h o u t the c o u n t r y , are p r o v i d i n g s t r o n g research s u p p o r t f o r
d e v e l o p i n g techno log ies t o m a k e the c r o p m o r e p r o d u c t i v e , p r e d i c t i v e , a n d
r e m u n e r a t i v e i n h a r s h e n v i r o n m e n t s .
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The Status of Technologies used to Achieve
High Groundnut Yields in Indonesia
Nasir Saleh and T Adisarwanto1
Abstract
I n I n d o n e s i a the n a t i o n a l p r o d u c t i o n o f g r o u n d n u t i s a r o u n d 652 000 t , p r o d u c e d
f r o m a p p r o x i m a t e l y 650 000 ha w i t h an average y i e l d o f 1.04 t ha - 1 . M o s t
g r o u n d n u t (66%) i s p r o d u c e d u n d e r r a i n f e d c o n d i t i o n s w i t h the r e m a i n d e r g r o w n
o n i r r i g a t e d w e t l a n d . T h e c r o p p i n g s y s t e m var ies a m o n g loca t ions a n d s o w i n g
seasons. O n d r y l a n d o r o n r a i n f e d w e t l a n d , g r o u n d n u t i s gene ra l l y s o w n i n m i x e d
c r o p p i n g w i t h m a i z e o r cassava, w h i l e o n w e t l a n d , d u r i n g the d r y season, i t i s
g e n e r a l l y so le c r o p p e d . T h e p resen t g r o u n d n u t p r o d u c t i v i t y o f a r o u n d 1 t d r y
p o d s ha - 1 i s cons ide red l o w . U s i n g i m p r o v e d t e c h n o l o g y cons i s t i ng o f g o o d
q u a l i t y seeds, a d e q u a t e l a n d p r e p a r a t i o n ( p l o w i n g f o l l o w e d b y h a r r o w i n g ) ,
a p p r o p r i a t e f e r t i l i ze r s (50 kg u rea + 75 kg t r i p l e s u p e r p h o s p h a t e + 50 kg m u r i a t e
o f p o t a s h ha - 1 ) , t w o sp rays o f T o p s i n - M ® a t 7 a n d 9 w e e k s af ter s o w i n g , a n d t h e
insec t i c i de m o n o c r o t o p h o s a t 65 d a y s , y i e l d s o f 1.8 t ha - 1 d r y p o d s can be o b t a i n e d
b y f a r m e r s i n d r y l a n d s i t ua t i ons . S i m i l a r y i e l d s a lso can b e o b t a i n e d f r o m
i r r i g a t e d w e t l a n d u s i n g i m p r o v e d t e c h n o l o g y i n c l u d i n g seed b e d d i n g , seed
t r e a t m e n t , a p p r o p r i a t e f e r t i l i ze rs , a n d c r o p p r o t e c t i o n . T h e i m p r o v e d t e c h n o l o g y
fo r each p r o d u c t i o n s y s t e m has been d e v e l o p e d t h r o u g h o n - f a r m research a n d
d i s s e m i n a t e d a m o n g f a r m e r s b y means o f d e m o n s t r a t i o n p l o t s c o v e r i n g la rge
areas. These o n - f a r m research a n d d e v e l o p m e n t ac t i v i t i es h a v e i n v o l v e d
c o o p e r a t i v e e f fo r ts o f f a r m e r s , ex tens ion agents , l oca l g o v e r n m e n t s , a n d sc ient is ts .
1. Research Institute for Legumes and Tuber Crops (RILET), Malang, Indonesia.
Saleh, Nasir and Adisarwanto, T. 1996. The status of technologies used to achieve high groundnut yields in
Indonesia. (In En. Summary in Ch.) Pages 41-49 in Achieving high groundnut yields: proceedings of an international
workshop, 25-29 Aug 1995, Laixi City Shandong, China (Renard, C., Gowda, C.L.L., Nigam, S.N., and johansen, C.
eds.). Patancheru 502 324, Andhra Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics.
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Introduction
G r o u n d n u t i s the second m o s t i m p o r t a n t g r a i n l e g u m e i n I n d o n e s i a , u s e d a l m o s t
e n t i r e l y f o r h u m a n c o n s u m p t i o n . A s the n a t i o n a l p r o d u c t i o n o f g r o u n d n u t has
n o t i nc reased d r a m a t i c a l l y d u r i n g the last decade (528 000 t in 1985 to 624 128 t in
1992), I n d o n e s i a has to i m p o r t a r o u n d 50 000 t g r o u n d n u t a n n u a l l y to m e e t
i n c r e a s i n g d e m a n d s f o r c o n f e c t i o n e r y a n d snack f o o d uses. I n sp i te o f the
s i g n i f i c a n t e c o n o m i c i m p o r t a n c e o f g r o u n d n u t t o I n d o n e s i a n f a r m e r s , t he
g o v e r n m e n t has n o t i n c l u d e d th is c r o p i n n a t i o n a l i n t e n s i f i c a t i o n p r o g r a m s .
T h e r e f o r e , the n a t i o n a l ave rage y i e l d o f g r o u n d n u t i s s t i l l l o w , a r o u n d 1000 k g
ha - 1 , a l t h o u g h i n s o m e areas w h e r e i m p r o v e d t e c h n o l o g y i s u s e d f a r m e r s ca n
o b t a i n y i e l d s o f 1500-2000 kg ha - 1 d r y p o d s .
G r o u n d n u t Product ion Systems in Indonesia
G r o u n d n u t i s m o s t l y g r o w n i n d r y l a n d areas (66 % ) a n d o n l y 3 4 % i s g r o w n o n
w e t l a n d s u n d e r a v a r i e t y o f p r o d u c t i o n sys tems (Table 1 ) ( S u m a r n o a n d M a n w a n
1990).
Product ion System o n R a i n f e d D r y l a n d
T u b a n a n d L a m o n g a n d i s t r i c t s are rep resen ta t i ve o f d r y l a n d g r o u n d n u t
p r o d u c t i o n sys tems. T h e d o m i n a n t so i l t y p e i s Red M e d i t e r r a n e a n (ca lcareous,
r e d s a n d y l o a m ) a n d the a n n u a l r a i n f a l l 1500-1900 m m . G r o u n d n u t i s s o w n a s a 
m i x e d c r o p o r i n t e r c r o p w i t h m a i z e o r cassava. A s the g r o u n d n u t c r o p d e p e n d s
e n t i r e l y o n r a i n f a l l , l o w p r o d u c t i v i t y i s o f t e n the resu l t o f d r o u g h t . O n d r y l a n d ,
g r o u n d n u t i s g r o w n d u r i n g the ea r l y r a i n y season ( N o v / D e c o r F e b / M a r ) o r
d u r i n g the la te r a i n y season ( A p r / M a y - J u n / J u l ) as s h o w n i n F i g u r e 1 . Thereaf ter ,
r a i n f a l l i s i n s u f f i c i e n t a n d the l a n d n o r m a l l y r e m a i n s f a l l o w u n t i l the ra ins b e g i n
a g a i n i n Oc tober .
T h e f i rs t g r o w i n g season i n v o l v e s h i g h r i s k because o f the u n r e l i a b l e r a i n f a l l
a n d the f i r s t season's c r o p i s m a i n l y u s e d fo r seed p r o d u c t i o n fo r the F e b / M a r
s o w i n g . T h e second c r o p o f g r o u n d n u t i n the d r y l a n d a lso suf fers f r o m d r o u g h t
s o m e t i m e s . C r o p r o t a t i o n o n d r y l a n d f o l l o w s the sequence of:
G r o u n d n u t / c a s s a v a / m a i z e - m a i z e / c a s s a v a
G r o u n d n u t / c a s s a v a / m a i z e - g r o u n d n u t / c a s s a v a
U p l a n d r i c e / c a s s a v a / m a i z e - g r o u n d n u t / c a s s a v a
L a n d p r e p a r a t i o n i s u s u a l l y d o n e d u r i n g the d r y season w h e n there i s n o c r o p
i n the f i e l d . Fo r t he la te r a i ny - season c r o p , o n l y m i n i m u m t i l l age i s d o n e be fo re
s o w i n g . I n m o s t cases, l a n d p r e p a r a t i o n i s i n a d e q u a t e t o p r o v i d e the o p t i m a l
e n v i r o n m e n t f o r seed g e r m i n a t i o n . S o m e t i m e s l a n d c a n n o t b e p r e p a r e d i n t i m e
d u e to the p resence o f cassava i n t e r c r o p .
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F i g u r e 1 . R a i n f a l l , r a iny d a y s , a n d g r o u n d n u t c r o p p i n g s y s t e m o n d r y l a n d o f T u b a n ,
E a s t J a v a , I n d o n e s i a .
L a n d p r e p a r a t i o n i s c a r r i e d o u t u s i n g a n a n i m a l - d r a w n p l o w f o l l o w e d b y
h a r r o w i n g to o b t a i n a loose t i l t h su i t ab le f o r s o w i n g . So i l t i l l age i s u s u a l l y s h a l l o w ,
<15 c m d e e p , r e s u l t i n g i n se r ious so i l c o m p a c t i o n . G r o u n d n u t seed i s d r o p p e d
b e h i n d the p l o w a n d t h e n cove red w i t h so i l . T h i s m e t h o d i s faster t h a n h a n d
s o w i n g b u t the p o s i t i o n o f the seeds i n the r o w s i s i r r egu la r , a n d s o m e seeds are
b u r i e d t oo d e e p o r are s t e p p e d o n b y the d r a u g h t a n i m a l . T h i s m e t h o d requ i res a 
ra te o f a r o u n d 100-120 k g seed h a 1 o f sma l l - seeded var ie t ies . I n m o s t cases p o o r
so i l p h y s i c a l charac ter is t i cs a n d l o w f e r t i l i t y c o n t r i b u t e t o l o w g r o u n d n u t y i e l d s .
F a r m e r s m o s t l y use sma l l - seeded a n d e a r l y - m a t u r i n g loca l va r ie t ies as t h e y are
easy to se l l . T h e y can be h a r v e s t e d af ter 85 - 90 days . Fa rmers e i the r p r o d u c e the i r
o w n seeds o r b u y t h e m f r o m the loca l m a r k e t , o r f r o m o the r f a rmers . Occas iona l l y
seed m e r c h a n t s p r o v i d e seed , b u t a t p resen t , there are no c o m m e r c i a l seed
g r o w e r s . The re fo re , seed s u p p l y re l ies o n f a r m e r - t o - f a r m e r t r a n s f e r / e x c h a n g e
sys tems .
T h e m a i n fac to rs c o n s t r a i n i n g h i g h e r p r o d u c t i v i t y are n u t r i e n t de f ic ienc ies ,
d r o u g h t d u r i n g the r e p r o d u c t i v e s tage, leaf spo t a n d r u s t d iseases, a n d jass ids,
t h r i p s a n d a p h i d s i n f es ta t i ons (Saleh e t a l . 1993a, H a r s o n o e t a l . 1994).
Use of i m p r o v e d t e c h n o l o g y can resu l t in y i e l d s o f 1.5 - 2.0 t ha - 1 d r y p o d s on
f a r m e r s ' f i e l ds i n T u b a n a n d L a m o n g a n d i s t r i c t s (Table 2). T h e t e c h n o l o g y w a s
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T a b l e 2 . I m p r o v e d g r o u n d n u t t e c h n o l o g y f o r r a i n f e d d r y l a n d .
C o m p o n e n t
V a r i e t y
Seed
L a n d p r e p a r a t i o n
S e e d i n g ra te
F e r t i l i z e r s 1
P l a n t i n g
C u l t i v a t i o n
P r o t e c t i o n










T u b a n a n d L a m o n g a n d is t r i c t s
L o c a l T u b a n / l o c a l L a m o n g a n
G o o d q u a l i t y (over 90 % seed g e r m i n a t i o n rate)
P l o w i n g f o l l o w e d b y h a r r o w i n g
80 kg seed ha- 1
50 kg urea + 75 kg TSP + 50 kg KCl ha - 1 (Tuban) , 25
kg urea + 25 kg TSP + 25 kg KC1 ha - 1 ( L a m o n g a n )
Seed d r o p p e d b e h i n d the p l o w t rack
H a n d hoe w e e d i n g a n d h i l l i n g up a t 3 a n d 6 w e e k s
F u n g i c i d e T o p s i n - M ® at 7 a n d 9 w e e k s af ter s o w i n g
Insec t i c ide Fu radan® 10 kg h a - 1 p r i o r t o s o w i n g
Insec t i c ide m o n o c r o t o p h o s at 8 a n d 10 w e e k s af ter
s o w i n g
H a n d d i g g i n g a n d p u l l i n g a t 105 days af ter s o w i n g
1. TSP = triple super phosphate, KC1 = potassium chloride.
d e v e l o p e d t h r o u g h o n - f a r m research cons i s t i ng o f c o m p o n e n t a n d package
t e c h n o l o g y t e s t i n g o f the A G L O R .
On f la t l a n d , d r a i n a g e canals e v e r y 3 - 4 m are r e c o m m e n d e d . Fo r the second
g r o u n d n u t c r o p , i t i s s o m e t i m e s necessary to use the insec t i c ide Fu radan®, a t t he
ra te o f 10 kg h a - 1 , p r i o r t o s o w i n g t o c o n t r o l t e rm i tes . I t i s also r e c o m m e n d e d tha t
m a i z e s t u b b l e be r e m o v e d f r o m f ie lds as th i s p r o m o t e s t e r m i t e i n f es ta t i on .
Fe r t i l i ze r s are b roadcas t e v e n l y p r i o r t o s o w i n g . H a n d hoe w e e d i n g a n d h i l l i n g
are d o n e at 3 a n d 6 w e e k s af ter s o w i n g . The f u n g i c i d e T o p s i n - M ® , a t the rate o f 0.5
kg h a - 1 , i s a p p l i e d 7 - 9 w e e k s af ter s o w i n g to c o n t r o l g r o u n d n u t leaf spots a n d
r u s t diseases. T h e insec t i c ide m o n o c r o t o p h o s , at 2 L ha - 1 , is u s e d to c o n t r o l jass ids,
t h r i p s a n d l e a f - f e e d i n g insects.
P o d s are r e m o v e d f r o m p l a n t s af ter ha rves t a n d s u n d r i e d . D r y i n g o f f resh
p o d s takes a p p r o x i m a t e l y s ix to seven days to reach a m o i s t u r e l eve l o f a r o u n d 20
- 2 5 % . D u e t o so i l c o m p a c t i o n s o m e p o d s are le f t i n the so i l .
Product ion System on R a i n f e d W e t l a n d
G r o u n d n u t i s r a r e l y s o w n o n r a i n f e d w e t l a n d d u e t o shor tness o f the g r o w i n g
season p r i o r t o s o w i n g o f the m a i n c r o p , r ice . F u r t h e r m o r e , the s o w i n g season o n
r a i n f e d w e t l a n d co inc ides w i t h the s o w i n g season o n r a i n f e d d r y l a n d , w h e r e m o s t
o f the g r o u n d n u t i s p r o d u c e d . T h i s o f t e n creates a shor tage o f seed f o r s o w i n g
g r o u n d n u t o n r a i n f e d w e t l a n d . B l i t a r represents a g r o u n d n u t p r o d u c t i o n s y s t e m
o n r a i n f e d w e t l a n d .
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Product ion System on I r r iga ted W e t l a n d
G r o u n d n u t i s s o w n o n w e t l a n d af ter the f i r s t o r second r ice c r o p , o r a f te r
suga rcane d u r i n g the e a r l y o r la te d r y season. C r o p r o t a t i o n s i n v o l v i n g
g r o u n d n u t i n w e t l a n d f o l l o w the sequence of:
r i ce - r i ce - g r o u n d n u t
r i ce - g r o u n d n u t - m a i z e or f a l l o w
sugarcane - g r o u n d n u t
S u b a n g d i s t r i c t (West Java) a n d West L o m b o k represent the g r o u n d n u t
p r o d u c t i o n s y s t e m o n i r r i g a t e d w e t l a n d . A t S u b a n g , average r a i n f a l l f o r the
d i s t r i c t i s 2700 m m , w i t h m o s t r a i n f a l l i n g d u r i n g N o v - A p r . M o s t o f t he f o o d
c rops are c u l t i v a t e d w i t h re l i ab le i r r i g a t i o n t h r o u g h a cana l s y s t e m f r o m J a t i l u h u r
d a m . G r o u n d n u t o n w e t l a n d i s g r o w n o n l i g h t - s t r u c t u r e d so i l s u c h a s a l l u v i a l ,
Regoso l , A n d o s o l a n d r e d L a t o s o l ( A r s y a d e t a l . 1995). I n West L o m b o k , the
d o m i n a n t s o i l t y p e i s Regoso l . T h e average r a i n f a l l i s a r o u n d 2500 m m , also
d i s t r i b u t e d f r o m N o v u n t i l A p r a n d a b o u t 6 0 % o f the a g r i c u l t u r e area i s w e l l
i r r i g a t e d .
B o t h i n S u b a n g a n d West L o m b o k , the f i r s t r i ce c r o p i s g r o w n d u r i n g N o v / D e c
t o F e b / M a r , a n d the second r i c e c r o p f r o m M a r / A p r t o J u n / J u l . Seconda ry c rops ,
m a i n l y g r o u n d n u t , are g r o w n f r o m J u l y t o S e p / O c t (F igu re 2).
T h e m a i n cons t ra i n t s t o p r o d u c t i o n i n c l u d e p o o r d r a i n a g e a n d so i l c o m p a c t i o n ,
d r o u g h t stress f o r c rops s o w n i n the la te d r y season, a n d diseases ( leaf spo ts , r us t ,
a n d p e a n u t s t r i p e v i r u s ) .
Tab le 3 l is ts the i m p r o v e d t e c h n o l o g y i n t r o d u c e d a t S u b a n g (West Java) a n d
West L o m b o k .
M o s t o f the f a r m e r s a t S u b a n g a n d West L o m b o k use a loca l v a r i e t y because o f
t he u n a v a i l a b i l i t y o f i m p r o v e d va r ie t i es . T h e loca l v a r i e t y i n these areas i s v e r y
s i m i l a r t o G a j a h o r S c h w a r z - 2 1 , a n i m p r o v e d v a r i e t y re leased i n the 1950s, w h i c h
can be h a r v e s t e d in 90 - 100 days . Fa rmers i n West L o m b o k o b t a i n g r o u n d n u t
seeds f r o m o t h e r f a r m e r s w h o spec ia l ize i n seed p r o d u c t i o n .
I n S u b a n g l a n d p r e p a r a t i o n i s u s u a l l y c a r r i e d o u t u s i n g a n a n i m a l - d r a w n p l o w .
H o w e v e r , i n l i g h t - s t r u c t u r e d so i l , West L o m b o k f a r m e r s o f t e n p l a n t g r o u n d n u t o n
u n f i l l e d w e t l a n d . T h e y j us t c u t t he r i c e s t r a w a n d g r o u n d n u t i s p l a n t e d u s i n g a 
d i b b l i n g s t i ck . I n Wes t L o m b o k , seed i s d i b b l e d b y u s i n g a d i b b l i n g s t i ck , cove red
b y s o i l a n d r i ce s t r a w ( 5 1 ha - 1 ) a n d t h e n the r i ce s t r a w b u r n e d . B o t h a t S u b a n g a n d
West L o m b o k , p l a n t s p a c i n g i s 40 cm x 10 c m , w i t h 1 p l a n t h i l l - 1 . G r o u n d n u t on
w e t l a n d d u r i n g the d r y season requ i res f o u r t o s ix i r r i g a t i o n s t o o b t a i n su f f i c ien t
v e g e t a t i v e g r o w t h a n d t o p r o d u c e h i g h y i e l d . I r r i g a t i o n i s s o m e t i m e s n e e d e d
p r i o r t o h a r v e s t i n g t o ease p u l l i n g o f t he p l a n t s a n d t o m i n i m i z e p o d r e t e n t i o n i n
s o i l .
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F i g u r e 2 . R a i n f a l l , r a iny d a y s , a n d g r o u n d n u t c r o p p i n g s y s t e m o n i r r iga ted w e t l a n d o f
S u b a n g , E a s t J a v a , I n d o n e s i a .
Product ion System o n N e w l y - o p e n e d L a n d
I n t r a n s m i g r a t i o n areas i n N o r t h L a m p u n g , S o u t h S u m a t r a , a n d J a m b i , g r o u n d n u t
seems m o r e t o l e r a n t o f ac i d so i l t h a n soybean , a l t h o u g h i ts y i e l d i s r e l a t i v e l y l o w .
M a i n cons t ra i n t s t o p r o d u c t i v i t y o n these n e w l y - o p e n e d areas are l o w so i l
f e r t i l i t y , l o w s o i l p H , p o o r o rgan i c m a t t e r con ten t a n d disease i n f e s t a t i o n . Y ie lds
are u s u a l l y l o w , v a r y i n g f r o m 0.6 - 1.0 t h a - 1
M a r k e t i n g System
G r o u n d n u t i s a cash c r o p i n T u b a n a n d L a m o n g a n d i s t r i c t s . U s u a l l y a l l t he
g r o u n d n u t p r o d u c e d i s s o l d a t ha rves t o r w i t h i n one m o n t h a f te r ha rves t (20%).
S o m e t i m e s , d u e t o the p r e s s i n g need f o r cash, s o m e f a r m e r s se l l t he i r s t a n d i n g
c rops (25%). Basica l ly , there are th ree nodes f o r g r o u n d n u t m a r k e t i n g ; n a m e l y ,
f a r m e r ( p r o d u c e r ) , co l lec to r b u y e r , a n d d i s t r i c t co l l ec to r /p rocesso r . A l t h o u g h
f a r m e r s seem to h a v e access t o d i r ec t m a r k e t i n g , the p r i ce i s e n t i r e l y d i c t a t e d by
co l lec to rs . T h e s y s t e m i s w o r s e n e d b y the p rac t i ce o f t r ade rs g i v i n g a d v a n c e
p a y m e n t t o f a r m e r s w h e n the c r o p i s s o w n . V i l l a g e coope ra t i ves h a v e n o t b e e n
f u n c t i o n i n g i n p r o v i d i n g c r e d i t o r i n ass is t ing f a r m e r s w i t h g r o u n d n u t m a r k e t i n g .
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Tab le 3 . I m p r o v e d technology for g r o u n d n u t on i r r igated w e t l a n d a t S u b a n g
a n d West L o m b o k , Indones ia .
C o m p o n e n t
V a r i e t y
Seed q u a l i t y
L a n d p r e p a r a t i o n
Seed ra te
S o w i n g m e t h o d
P l a n t s p a c i n g
Seed t r e a t m e n t
Fe r t i l i ze r s
M u l c h i n g
H a n d w e e d i n g
I r r i g a t i o n
C r o p p r o t e c t i o n
P o d y i e l d
S u b a n g 1
G a j a h , K e l i n c i o r l oca l
G o o d
P l o w i n g , h a r r o w i n g
80 k g ha-1
D i b b l i n g
40 c m x 10 c m
C a p t a n
25 kg u rea + 50 kg TSP
50 k g KC1 ha - 1
N o n e
T w i c e
6 t i m e s
F u n g i c i d e 2 sp rays
Insec t i c i de as n e e d e d
G a j a h 2.2 t ha-1
K e l i n c i 2.75 t ha-1
L o c a l 1.9 t ha-1
West L o m b o k 2
K e l i n c i o r l oca l
G o o d (>90% g e r m i n a t i o n )
Z e r o t i l l age
80 k g ha-1
D i b b l i n g
40 c m x 10 c m
N o n e
25 kg u rea + 25 kg
TSP + 25 k g KC1 ha-1
5 t ha-1
T w i c e
3-4 t i m e s
F u n g i c i d e 2 sp rays
Insec t i c ide as n e e d e d
K e l i n c i 2.5 t ha-1
L o c a l 1.8 t ha-1
1. Arsyad et al. 1995.
2. Saleh et al. 1993b.
D i s s e m i n a t i o n of Technology
D i s s e m i n a t i o n o f i m p r o v e d t e c h n o l o g y w a s c o n d u c t e d t h r o u g h d e v e l o p m e n t a l
research w h i c h eva lua tes t he p e r f o r m a n c e o f i n n o v a t i o n s i n l a rge areas o n a n
e c o n o m i c scale a n d i n v o l v e s f a r m e r s , e x t e n s i o n agen ts , a n d loca l g o v e r n m e n t . B y
c o m m u n i c a t i n g w i t h t he t r ade rs a n d coope ra t i ves , i t a i m s t o v e r i f y t he e c o n o m i c
f e a s i b i l i t y o f t h e t e c h n o l o g y a d o p t i o n b y f a r m e r s . D e v e l o p m e n t a l research i s
d e s i g n e d as a b r i d g e b e t w e e n research a n d d e v e l o p m e n t , a n d a c c o m m o d a t e s
l i n k a g e s b e t w e e n researchers , a g r i c u l t u r a l s e r v i c e s / e x t e n s i o n , l oca l g o v e r n m e n t
a n d f a r m e r s . I t f u n c t i o n s as a p i l o t p ro jec t f o r t e c h n o l o g y r e c o m m e n d a t i o n s .
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The Status of Technologies Used
to Achieve H igh Groundnut Yields in Korea
Chang H w a n Park1
Abstract
G r o u n d n u t i s b o t h a u s e f u l f o o d l e g u m e a n d a n o i l seed c r o p . I t has b e e n
c u l t i v a t e d i n K o r e a s ince be fo re 1845. G r o u n d n u t c u l t i v a t e d area w a s 10 200
hectares a n d p r o d u c t i o n i n K o r e a w a s a b o u t 17 000 t i n 1993.
T h e n e w l y - d e v e l o p e d va r i e t i es a n d i m p r o v e d c u l t u r a l pract ices h a v e inc reased
k e r n e l y i e l d s f o u r f o l d i n the 3 0 years s ince sc ient i f i c research p r o g r a m s b e g a n i n
K o r e a . G r o u n d n u t c u l t i v a t i o n area s h o w e d a c o n t i n u o u s increase f r o m a b o u t 2000
ha i n t h e 1960s to 10 200 ha i n 1993.
G r o u n d n u t i s m a i n l y ea ten i n K o r e a a s roas ted p repa ra t i ons (54%) a n d
c o m p o n e n t s o f b r e a d a n d c o n f e c t i o n e r y (40%). T h e a n n u a l pe r cap i ta
c o n s u m p t i o n has s h o w n a c o n t i n u o u s l y i nc reas ing t r e n d f r o m 0.36 k g i n 1981 t o
0.85 k g i n 1994.
A g r o u n d n u t b r e e d i n g p r o g r a m w a s i n i t i a t e d a t the C r o p E x p e r i m e n t S t a t i o n
i n t he 1960s, a n d a h y b r i d i z a t i o n b r e e d i n g p r o g r a m began i n 1969. T h i s r e s u l t e d i n
release o f S e o d u n t a n g k o n g i n 1978. A n e w ' S h i n p u n g ' p l a n t t y p e v a r i e t y
d e v e l o p e d f r o m the cross b e t w e e n V i rg in ia a n d Spanish t ypes i n 1982 has f e w
b ranches a n d bears f l o w e r s a n d f r u i t s m a i n l y o n the f i rs t b r a n c h . I t has h i g h y i e l d
p o t e n t i a l , a n d i s a n i d e a l erect p l a n t t y p e .
A p o l y t h e n e (PE) f i l m m u l c h i n g t echn ique w a s d e v e l o p e d i n t he 1970s t o
acce lera te i n i t i a l g r o w t h , f l o w e r i n g , a n d f r u i t se t t i ng , a n d t o e x t e n d the g r o w i n g
p e r i o d . T h e t e c h n i q u e r e s u l t e d i n a ' W h i t e R e v o l u t i o n ' i n g r o u n d n u t p r o d u c t i o n ,
w h e n g r a i n y i e l d i n K o r e a q u a d r u p l e d . For the n a t i o n a l average p r o d u c t i v i t y , t he
g r a i n y i e l d w a s o n l y 410 k g h a - 1 i n 1960s, b u t i s n o w 1900 k g ha - 1 , a n d the best
g r o u n d n u t g r o w e r s p r o d u c e d 4000 k g h a - 1 i n 1991 b y u s i n g p o l y t h e n e f i l m
m u l c h i n g , a n d s o w i n g h i g h - y i e l d i n g c u l t i v a r s .
1. Division of Industrial Crops, National Crop Experiment Station Rural Development Administration, Korea.
Park, Chang Hwan. 1996. The status of technologies used to achieve high groundnut yields in Korea. (In En.
Summary in Ch.) Pages 51-63 in Achieving high groundnut yields: proceedings of an international workshop, 25-29
Aug 1995, Laixi City, Shandong, China (Renard, C., Gowda, C.L.L., Nigam, S.N., and Johansen, C. eds.). Patancheru
502 324, Andhra Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics.
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M o r e t h a n 5 0 % o f t he g r o u n d n u t s p r o d u c e d i n K o r e a are ea ten a s roas ted n u t s ,
a n d a b o u t 4 0 % u s e d i n b a k i n g s u c h con fec t i ons a s sweets , snack c rackers , a n d
cook ies . La rge -seeded g r o u n d n u t s are p r e f e r r e d f o r r o a s t i n g , a n d t h e y f e t c h a 
h i g h e r m a r k e t p r i c e t h a n sma l l - seeded g r o u n d n u t s .
I n K o r e a , g r o u n d n u t i s u s u a l l y c u l t i v a t e d i n t he s a n d y so i l o n r i v e r b a n k s t h a t
su f fe r f l o o d i n g d u r i n g t h e m o n s o o n season, a n d a lso f r o m d r o u g h t . I r r i g a t i o n i s
n o t a v a i l a b l e f o r u p l a n d c rops , w i t h the e x c e p t i o n o f s o m e h i g h - i n c o m e cash
c rops . I n recen t yea rs , t he g r o u n d n u t area has inc reased i n n e w l y o p e n e d u p l a n d
f i e l d s i n t h e h i l l y areas o f the s o u t h e r n r e g i o n . Because o f i ts l o n g g r o w t h d u r a t i o n
g r o u n d n u t i s i n t e r c r o p p e d a n d / o r m i x e d c r o p p e d .
C o n t i n u o u s c r o p p i n g o f g r o u n d n u t reduces p o d y i e l d . O t h e r l i m i t i n g fac to rs t o
g r o u n d n u t c u l t i v a t i o n are l o w t e m p e r a t u r e s d u r i n g the s o w i n g (Lee e t a l . 1984c)
a n d m a t u r i n g stages, a n d h e a v y r a i n f a l l a t t he p e g g i n g stage. T h u s , i n Ko rea the
p o l y t h e n e f i l m m u l c h i n g t e c h n i q u e has been w i d e l y u s e d t o o v e r c o m e l o w
t e m p e r a t u r e s , w a t e r de f i c i t , a n d w e e d s .
G r o u n d n u t Breeding i n Korea
Breed ing Goa ls
M a j o r e m p h a s i s has b e e n p l a c e d o n the d e v e l o p m e n t o f c u l t i v a r s t ha t y i e l d w e l l ,
a re a d a p t e d t o m e c h a n i z e d c u l t i v a t i o n , a n d h a v e g o o d f l a v o r a n d des i rab le
charac te r i s t i cs f o r r o a s t i n g a n d con fec t i one ry . B r e e d i n g f o r to le rance of , a n d
res is tance t o , ab i o t i c a n d b i o t i c stresses has a lso rece ived a t t e n t i o n . T h e
i n c o r p o r a t i o n o f e a r l y a n d la te leaf s p o t a n d w e b b l o t c h res is tance i n t o a d a p t e d
c u l t i v a r s has b e c o m e a g o a l o f t he K o r e a n g r o u n d n u t b r e e d i n g p r o g r a m .
G r o u n d n u t Cu l t ivars D e v e l o p e d i n Korea
G r o u n d n u t h y b r i d i z a t i o n w a s s ta r t ed i n the 1960s a t the C r o p E x p e r i m e n t S t a t i o n .
T h e b r e e d i n g g o a l a t t h a t t i m e w a s t o select h i g h - y i e l d i n g p u r e l i nes w i t h l a rge
seeds f o r t h e r oas ted g r o u n d n u t t rade . F r o m 1969 t o da te , 14 va r ie t i es h a v e been
d e v e l o p e d f r o m t h e h y b r i d i z a t i o n p r o g r a m , o f w h i c h e i g h t are o f t he V i r g i n i a t y p e
w i t h l a rge o r ex t ra - l a rge seeds. T h e rest are sma l l - seeded . T h e f i r s t l a rge-seeded
va r i e t i es , S e o d u n t a n g k o n g a n d Y e o n g h o t a n g k o n g , d e v e l o p e d b y h y b r i d i z a t i o n
are u s e d f o r r o a s t i n g , a n d are a d a p t e d t o t he s o u t h e r n r e g i o n .
T h e f i r s t s m a l l - s e e d e d va r i e t y , O l t a n g k o n g , w a s d e v e l o p e d f o r c o n f e c t i o n e r y
use . I n a t t e m p t s t o d e v e l o p a n i d e a l erect p l a n t t y p e w i t h f e w s e c o n d a r y b ranches
t h a t i s a d a p t e d t o t h e c l i m a t e o f K o r e a , S h i n p u n g t a n g k o n g (Lee e t a l . 1983b),
S e a d l t a n g k o n g , a n d D a e k w a n g t a n g k o n g w e r e d e v e l o p e d f r o m crosses b e t w e e n
V i r g i n i a a n d Span i sh t y p e s i n t h e e a r l y 1980s. These va r ie t i es are o f a p r o m i s i n g
p l a n t t y p e , t h e y p r o d u c e l a rge seeds, a n d are e a r l y - m a t u r i n g w i t h w i d e
a d a p t a b i l i t y (Ree 1974) (Table 2) .
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T a b l e 3 . A g r o n o m i c characteristics o f S h i n p u n g , Spanish, a n d V i r g i n i a t y p e 
g r o u n d n u t s . 
C h a r a c t e r s 
P l a n t g r o w t h h a b i t 
F l o w e r i n g t i m e 
B r a n c h e s 
B r a n c h i n g p a t t e r n 
F l o w e r i n g h a b i t 
M a t u r i t y 
K e r n e l s ize 
S h i n p u n g 
B u n c h 
E a r l y 
F e w 
n + l / n + 2 
I r r e g u l a r 
E a r l y 
L a r g e 
S p a n i s h 
B u n c h 
E a r l y 
F e w 
n + l / n + 2 
S e q u e n t i a l 
E a r l y 
S m a l l 
V i r g i n i a 
R u n n e r / B u n c h 
L a t e 
M a n y 
n + l / n + 2 / n + 3 
A l t e r n a t e 
L a t e 
S m a l l t o L a r g e 
D e v e l o p m e n t o f S h i n p u n g P l a n t T y p e 
T o o v e r c o m e t h e u n f a v o r a b l e c l i m a t e a n d c u l t u r a l e n v i r o n m e n t s f o r g r o u n d n u t i n 
K o r e a , a n e w p l a n t t y p e w a s d e v e l o p e d f r o m a cross b e t w e e n P e d 
393-6-3-2-2-3-1-2 i n t r o d u c e d f r o m U S A a n d F l o r i g i a n t x C h i b a h a n d a c h i i n 1982 
( P a r k e t a l . 1991). T h i s n e w S h i n p u n g p l a n t t y p e has v e r y d e s i r a b l e a g r o n o m i c 
c h a r a c t e r i s t i c s s i m i l a r t o t h o s e o f S p a n i s h t y p e s a s s h o w n i n Table 3 . S h i n p u n g 
f l o w e r s e a r l i e r t h a n V i r g i n i a t y p e s , a n d i t s r e p r o d u c t i v e n o d e s are b o r n e 
s u c c e s s i v e l y o n t h e f i r s t b r a n c h e s , r e s u l t i n g i n v e r y f e w s e c o n d a r y b r a n c h e s . I t has 
l a r g e r k e r n e l s t h a n S p a n i s h v a r i e t i e s . M a t u r i t y i s s i m i l a r t o t h a t o f Spanish, b u t 
e a r l i e r t h a n V i r g i n i a t y p e s . S h i n p u n g d i f f e r s f r o m o t h e r p l a n t t y p e s n o t o n l y i n t h e 
n u m b e r o f d a y s i t t a k e s t o f l o w e r b u t also i n f l o w e r i n g p a t t e r n a n d n u m b e r . T h e 
m a x i m u m f l o w e r i n g o c c u r s i n m i d - J u l y , a n d i s m o r e e f f e c t i v e t h a n t h a t o f S p a n i s h 
a n d Valencia t y p e s . T h e r e f o r e , t h e r e i s l i t t l e la te f l o w e r i n g a n d f l o w e r i n g e n d s 
m u c h s o o n e r t h a n i n S p a n i s h a n d Valencia t y p e s . S h i n p u n g m a t u r e s v e r y e a r l y 
a n d p r o d u c e s m o r e p o d s t h a n a n y o t h e r t y p e . O n S h i n p u n g p l a n t s 4 3 % o f t h e 
p o d s w e r e m a t u r e b y 1 8 A u g u s t w h i l e o n l y 1 4 t o 3 8 % o f t h e p o d s w e r e m a t u r e o n 
o t h e r t y p e s b y t h a t t i m e . 
D e v e l o p m e n t o f P r o p a g a t i o n T e c h n i q u e 
T h e v e g e t a t i v e c u t t i n g s y s t e m f o r g r o u n d n u t seed p r o p a g a t i o n d e v e l o p e d a t t h e 
N a t i o n a l C r o p E x p e r i m e n t S t a t i o n i s a h i g h l y e f f i c i e n t w a y o f a c c e l e r a t i n g seed 
p r o p a g a t i o n a t l o w cost. T h e m e t h o d c a n a lso b e u s e d f o r g r o u n d n u t b r e e d i n g 
a n d s e e d m u l t i p l i c a t i o n (Lee e t a l . 1983a). T h i s m e t h o d i n v o l v e s t r e a t m e n t w i t h 
n a p h t h a l e n e acet ic a c i d ( N A A ) w h i c h i s m o r e e f f e c t i v e t h a n i n d o l e acet ic a c i d 
( I A A ) f o r r o o t i n g c u t t i n g s (Table 4). S o a k i n g c u t t i n g s i n 100-200 µ g g - 1 N A A 
s o l u t i o n e f f e c t i v e l y i n d u c e d r o o t i n g . S t e m c u t t i n g s t a k e n f r o m t h e u p p e r p a r t o f 
t h e p l a n t w e r e b e t t e r t h a n t h o s e f r o m t h e l o w e r p a r t w h i c h i s t o o h a r d t o c u t 
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T a b l e 4 . E f f e c t o f N A A c o n c e n t r a t i o n o n r o o t i n g a n d r o o t d r y mass o f 
g r o u n d n u t cutt ings. 
R o o t i n g r a t i o ( % ) 3 
R o o t d r y m a s s 
( m g p l a n t - 1 ) 
C o n t r o l 
3 4 
19.0 
N A A c o n c e n t r a t i o n ( µ g g - 1 ) 
5 0 1 
98 
26.4 
1 0 0 1 
100 
31.5 
2 0 0 1 
100 
27.2 
4 0 0 1 
98 
25.9 
1 0 0 0 2 
8 7 
21.5 
1. Soaking for 24 h in NAA solution. 2- Dipping for 5 seconds. 3. More than 6 roots. 
easi ly. C u t t i n g s f r o m y o u n g p l a n t s w e r e m o r e h e a l t h y t h a n t h o s e f r o m o l d p l a n t s , 
a n d r o o t e d e f f e c t i v e l y a n d r a p i d l y . Y e o n g h o t a n g k o n g , a V i r g i n i a t y p e w i t h m a n y 
b r a n c h e s , p r o d u c e d m o r e c u t t i n g s t h a n S h i n p u n g t a n g k o n g t h a t has f e w e r 
b r a n c h e s ( P a r k e t a l . 1986a). I n t o t a l 698 seeds w e r e h a r v e s t e d f r o m a l l t h e c u t t i n g s 
a n d t h e s t o c k p l a n t , 2 2 t i m e s m o r e seeds t h a n w e r e p r o d u c e d b y d i r e c t s e e d i n g . 
P r o d u c t i o n A p p r o a c h e s , C u l t u r a l Practices, 
a n d P l a n t Protection 
P o l y t h e n e (PE) F i l m M u l c h i n g T e c h n i q u e 
T o i n c r e a s e p r o d u c t i v i t y , seeds m u s t b e s o w n a s e a r l y a s p o s s i b l e i n o r d e r t o 
a c c e l e r a t e g r o w t h a n d m a t u r i t y i n t h e w a r m t e m p e r a t u r e s o f K o r e a n s u m m e r s . 
V a r i e t i e s a lso n e e d t o g e r m i n a t e w e l l , a n d t o h a v e a s s i m i l a t i v e a b i l i t y w i t h 
v i g o r o u s s e e d l i n g g r o w t h a n d f l o w e r i n g . S m a l l - s e e d e d S p a n i s h o r Valencia 
v a r i e t i e s c o u l d b e u s e f u l i n d e v e l o p i n g v a r i e t i e s t h a t g e r m i n a t e w e l l u n d e r l o w 
t e m p e r a t u r e s . P E f i l m m u l c h i n g r e s u l t s i n c o n s i s t e n t l y h i g h e r y i e l d s b e c a u s e 
u n d e r i t c r o p s g r o w fast a n d v i g o r o u s l y i n t h e s h o r t f r o s t - f r e e g r o w t h p e r i o d o n 
t h e K o r e a n p e n i n s u l a ( L e e e t a l . 1979, K a n g e t a l . 1982). 
E m e r g e n c e i n m u l c h e d p l o t s w a s 11-15 d a y s e a r l i e r t h a n i n n o n m u l c h e d p l o t s , 
w h e n s o w n o n 1 0 A p r i l , a n d 4-5 d a y s e a r l i e r w h e n s o w n o n 1 M a y Y o u n g s e e d l i n g 
g r o w t h w a s a c c e l e r a t e d b y a f a c t o r o f t w o t o s ix , a n d f l o w e r i n g w a s 17-18 d a y s 
e a r l i e r i n m u l c h e d p l o t s s o w n o n 1 0 A p r i l t h a n i n t h o s e s o w n o n 1 M a y (Lee e t a l . 
1984a). T h e r e w e r e a l m o s t t w i c e a s m a n y p o d s p e r p l a n t i n t h e m u l c h e d p l o t s a s i n 
t h e n o n m u l c h e d p l o t s . S h e l l i n g p e r c e n t a g e w a s 3-4% h i g h e r , a n d k e r n e l m a s s w a s 
4-5 g h e a v i e r i n t h e m u l c h e d p l o t s . M u l c h i n g i n c r e a s e d t h e k e r n e l y i e l d s 
d r a m a t i c a l l y b e c a u s e i t i n c r e a s e d s o i l t e m p e r a t u r e , a n d p r e v e n t e d s o i l m o i s t u r e 
e v a p o r a t i o n ( T a b l e 5). 
T h e n a t i o n a l a v e r a g e g r o u n d n u t y i e l d s i n c r e a s e d d r a m a t i c a l l y a s t h e m u l c h e d 
area i n c r e a s e d / T h e t e c h n i q u e has b e e n a d o p t e d b y f a r m e r s i n t h e n o r t h e r n p a r t o f 
K o r e a s o t h a t t h e y c a n s o w e a r l i e r t h a n b e f o r e , a n d c a n i m p r o v e t h e t e m p e r a t u r e , 
m o i s t u r e , n u t r i t i o n , a n d p h y s i c a l c o n d i t i o n s o f t h e i r s o i l s . 
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M e c h a n i z a t i o n
W h i l e m u l c h i n g inc reased g r o u n d n u t p r o d u c t i v i t y , i t i nc reased the l a b o r
r e q u i r e m e n t n e e d e d t o sp read the m u l c h a n d r e m o v e i t a t ha rves t t i m e . C u t t i n g
p r o d u c t i o n costs b y u s i n g l a b o r - s a v i n g m e c h a n i z a t i o n , a n d n e w h i g h e r - y i e l d i n g
va r i e t i es a n d c u l t u r a l m e t h o d s a d a p t e d t o m e c h a n i z a t i o n are m a j o r goa ls i n
g r o w i n g g r o u n d n u t s i n K o r e a . T h e m o s t l abo r - i n tens i ve prac t ices are s o w i n g a n d
h a r v e s t i n g . A g r o n o m i s t s a n d eng ineers are w o r k i n g toge ther o n these p r o b l e m s .
A f o u r - r o w ' g r o u n d n u t seeder ' p o w e r e d b y t rac tor has been d e v i s e d a n d tes ted i n
n o n m u l c h e d c o n d i t i o n s . M e c h a n i c a l g r o u n d n u t harves ters are b e i n g d e v e l o p e d .
Fert i l i zer A p p l i c a t i o n
S t a n d a r d f e r t i l i ze r a p p l i c a t i o n leve ls fo r n o n m u l c h e d c rops w e r e 30 kg N ha - 1 ,
30.6 kg P ha - 1 , a n d 83 kg K ha - 1 w i t h 5 0 % o f the n i t r o g e n a n d p o t a s s i u m fe r t i l i ze rs
a p p l i e d as t o p d ress ing . H o w e v e r , 30 N, 61.2 P a n d 83 K kg ha - 1 as basa l
a p p l i c a t i o n i s reasonab le w h e n m u l c h i s u s e d (Sh in e t a l . 1985). T h e inc reased
a p p l i c a t i o n o f p h o s p h a t e t o m u l c h e d c rops resu l ted i n v i g o r o u s p l an t s w i t h m o r e
p o d s . A c o m p o u n d fe r t i l i ze r w a s d e v e l o p e d n o t o n l y f o r the f a r m e r ' s conven ience
i n a p p l y i n g f e r t i l i ze rs b u t also t o a d d 3 % o f M g , a n d 0.5% o f B 2 O 3 t o the fe r t i l i ze r ,
once the p o s i t i v e effects o f these m i n o r e lements o n h i g h e r - q u a l i t y g r o u n d n u t s
w e r e r e c o g n i z e d i n K o r e a . T h e effects o f c a l c i u m a p p l i e d a s l i m e n o t o n l y
n e u t r a l i z e d so i l ac id i t y , b u t also w a s essent ia l f o r she l l a n d k e r n e l f o r m a t i o n , a n d
g r o w t h (Son e t a l . 1972). E m p t y p o d s , a b n o r m a l ke rne l g r o w t h , a n d p o o r
g e r m i n a t i o n ra tes o c c u r r e d w h e n the so i l w a s de f i c ien t i n c a l c i u m .
W e e d Cont ro l
T r o u b l e s o m e w e e d s i n g r o u n d n u t c u l t i v a t i o n w e r e a lmos t s i m i l a r t o those t h a t
af fect o t h e r u p l a n d c rops ( R y a n g e t a l . 1984). T h e m o s t e f f i c ien t p reemergence
h e r b i c i d e u s e d i n Ko rea on g r o u n d n u t s w a s A l a c h l o r ® 43.7% EC (3 L ha - 1 ) t h a t
caused l i t t l e i n j u r y t o g r o u n d n u t p l a n t g r o w t h , a n d gave exce l len t w e e d c o n t r o l .
T h e p r e e m e r g e n c e he rb i c ides , P e n d i m e t h a l i n ® a n d E t h a l f l u r a l i n ® a n d
p o s t e m e r g e n c e c o m p o u n d h e r b i c i d e F l u a z i f o p b u t y l ® w e r e also selected as
e f fec t i ve chem ica l s fo r w e e d c o n t r o l i n g r o u n d n u t . Su i tab le dosage rates w e r e 2 0
kg ha - 1 of P e n d i m e t h a l i n ® 5% g ranu les , 3 L ha - 1 E t h a l f l u r a l i n ® 3 5 % E C , a n d 1 L 
ha - 1 o f F l u a z i f o p b u t y l ® 3 5 % EC.
Pest a n d Disease Cont ro l
Diseases a n d pests o f g r o u n d n u t s are gene ra l l y cons ide red o f l oca l i m p o r t a n c e i n
K o r e a . M a j o r pests a n d diseases i n c l u d e w h i t e g r u b s a n d s u c h f o l i a r diseases a s
e a r l y leaf s p o t (Cercospora arachidicola), la te leaf spo t (Phaeoisariopsis personata) a n d
w e b b l o t c h (Didymella arachidicola). E a r l y leaf spo t appears f r o m ea r l y to m i d - J u l y
a n d sp reads r a t h e r m o r e s l o w l y t h a n o t h e r diseases, b u t w e b b l o t c h a n d la te lea f
s p o t o c c u r r i n g f r o m m i d - J u l y t o ea r l y A u g u s t sp read r a p i d l y a n d s e r i o u s l y
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d a m a g e g r o u n d n u t p l a n t s , c a u s i n g d e f o l i a t i o n (Park 1988). T h e sp read o f w e b
b l o t c h d isease inc reased as c u l t i v a t e d area s h i n p u n g types e x p a n d e d . E f fec t i ve
chem ica l s f o r c o n t r o l l i n g these diseases are T h i o p a n a t e m e t h y l ® 7 0 % WP 1000X,
B e n o m y l ® 5 0 % W P 1000X, C h l o r o t h a l o n i l ® 75% W P 600X, a n d the t i m e t o s p r a y i s
t w o o r th ree t i m e s i n t he e a r l y stages o f g r o w t h , o r j u s t be fo re d isease s y m p t o m s
are seen i n the f i e l d . T h e w h i t e g r u b s tha t a t tack g r o u n d n u t are C o l e o p t e r a n
l a r v a e , n i n e species o f w h i c h are k n o w n t o d a m a g e g r o u n d n u t p o d s a n d roo ts .
Anomala corpulenta, Holotrichia morosa, a n d A. rufocuprea appea r f r o m e a r l y June to
m i d S e p t e m b e r a n d a t tack m a i n l y f r o m la te June to la te July. H . diomphalia occurs
i n la te A p r i l a n d a t tacks f r o m m i d - M a y t o la te June. E f fec t i ve insect ic ides f o r
w h i t e g r u b c o n t r o l are Terbo® 3% G. , Dy fona te® 5% G. , E thop® 5% G. , o p t i m a l l y
a p p l i e d a t 6 0 k g h a - 1 , d u r i n g the f l o w e r i n g a n d f r u i t i n g stages.
C r o p p i n g System
C o n t i n u o u s c r o p p i n g o f g r o u n d n u t s has been p rac t i ced because o f the s m a l l a n d
res t r i c ted f a v o r a b l e g r o w i n g area f o r g r o u n d n u t . T h i s i n tens i ve c u l t i v a t i o n resu l ts
i n se r i ous d a m a g e t o g r o u n d n u t p r o d u c t i o n d u e t o adverse changes i n so i l
p r o p e r t i e s a n d e n v i r o n m e n t a l c o n d i t i o n s a c c o m p a n i e d b y ab io t i c a n d b i o t i c
stresses. To i m p r o v e so i l character is t ics a n d fe r t i l i t y , deep t i l l age w i t h the
a p p l i c a t i o n o f m a g n e s i u m , l i m e , a n d s i l ica te are a d v o c a t e d (Table 6) . S u l f u r
a p p l i c a t i o n is. a lso h e l p f u l i n p r e v e n t i n g y i e l d r e d u c t i o n i n g r o u n d n u t s g r o w n o n
the s a n d y so i ls o f r i v e r banks .
C u l t i v a t i o n o n Rec la imed L a n d
G r o u n d n u t s are w e l l a d a p t e d t o l o a m a n d s a n d y l o a m soi ls - the m a i n g r o u n d n u t
p r o d u c i n g reg ions are a l o n g the banks o f f o u r b i g r i ve r s i n S o u t h K o r e a ( C h u n g e t
a l . 1989, K a n g e t a l . 1991). These areas have been c o n t i n u o u s l y c r o p p e d fo r o v e r 10
years , a n d y i e l d s are f a l l i n g because o f diseases a n d m i c r o b i o l o g i c a l changes i n
the s o i l ( C h o i e t a l . 1988). To o v e r c o m e th is s i t u a t i o n , n e w l y r e c l a i m e d l a n d has
b e e n u s e d t o g r o w g r o u n d n u t s . T h e c rops g r e w w e l l a n d p r o d u c e d be t te r y i e l d s
t h a n those o n c o n t i n u o u s l y c r o p p e d l a n d , w h e n fe r t i l i ze rs w e r e a p p l i e d a t t he
o p t i m u m rates s h o w n i n Table 7 . H i g h e r rates o f p h o s p h o r u s , p o t a s s i u m , a n d
n i t r o g e n are n e e d e d o n r e c l a i m e d l a n d t h a n o n t r a d i t i o n a l l y c u l t i v a t e d l a n d .
K o r e a n G r o u n d n u t Research Strategy
Var ie ta l I m p r o v e m e n t
M a j o r b r e e d i n g goa ls f o r g r o u n d n u t s i n Ko rea are f o r h i g h s table y i e l d s ,
a d a p t a b i l i t y t o m e c h a n i z e d c u l t i v a t i o n , a n d h i g h seed q u a l i t y For s tab le y i e l d s ,
e a r l y m a t u r i t y , to le rance t o l o d g i n g , a n d disease res is tance are i m p o r t a n t
a g r o n o m i c charac ter is t i cs . P lan t t ha t g r o w erect are p re fe rab le f o r m e c h a n i z e d
c u l t i v a t i o n because the i r p o d d i n g z o n e i s n a r r o w e r t h a n t ha t o f r u n n e r o r
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Tab le 7 . Fer t i l i zer app l i ca t ion levels sui table for g roundnuts g r o w n on n e w l y
r e c l a i m e d l a n d .
N - P - K ( k g ha - 1 )
30-30.6-83
40-131-160
P o d s p e r
p l a n t
48
53
M a t u r e d
p o d s (%)
85.6
88.1
S h e l l i n g
p o d s (%)
70.7
74.1
K e r n e l y i e l d
( k g ha - 1 )
1950
2460
s e m i r u n n e r t ypes . H i g h g r a d e , u n i f o r m seeds are i m p o r t a n t i n m a r k e t i n g ,
s h e l l i n g , a n d f o o d - p r o c e s s i n g sys tems (Lee e t a l . 1989).
S h i n p u n g t y p e s c o u l d b e u s e d i n b r e e d i n g f o r y i e l d i m p r o v e m e n t . T h i s p l a n t
t y p e i s s u i t e d t o m o n s o o n - t y p e t e m p e r a t e zones l i k e K o r e a , a n d i t s la rge seed a n d
u n i f o r m i t y are p r e f e r r e d b y c o n s u m e r s .
S h i n p u n g ' s h i g h y i e l d p o t e n t i a l , d isease res is tance, a n d y i e l d s t ab i l i t y across
a d v e r s e e n v i r o n m e n t s w i l l b e acce lera ted b y i n c o r p o r a t i n g genes f o r res is tance t o
f o l i a r d iseases, t o le rance t o l o d g i n g , a n d s h o r t s t r o n g s tems. A t p resen t S h i n p u n g
c u l t i v a r s d o n o t h a v e res is tance t o the m a i n diseases tha t occu r i n Ko rea . S o m e o f
the w i l d Arachis species are res is tan t to f o l i a r diseases a n d to insects , a n d possess
o t h e r u s e f u l genes. T h e t e c h n i q u e o f i n t r o d u c i n g genes f r o m w i l d species i n t o
c u l t i v a t e d va r i e t i es has b e e n a d o p t e d i n K o r e a . L o d g i n g to le rance c o u l d b e
i m p r o v e d b y i n t r o d u c i n g genes fo r h a r d s t e m f r o m Valencia t ypes , toge the r w i t h
d w a r f genes, because Valenc ia t ypes g e n e r a l l y have ta l l s tems.
I t i s d i f f i c u l t t o d e v e l o p e a r l y - m a t u r i n g c u l t i v a r s w i t h la rge seeds because the
charac te rs are n e g a t i v e l y co r re l a ted . Subspecies h y b r i d s b e t w e e n e a r l y - m a t u r i n g
Span ish , a n d la rge -seeded V i r g i n i a t ypes h a v e been a t t e m p t e d i n o r d e r t o d e v e l o p
l i nes w i t h 150-day g r o w t h d u r a t i o n . E x t r a - e a r l y - m a t u r i n g g r o u n d n u t s t e n d t o b e
s m a l l - s e e d e d , less v i g o r o u s i n t o p g r o w t h , a n d l o w i n y i e l d p o t e n t i a l d u e t o the i r
s h o r t v e g e t a t i v e g r o w t h d u r a t i o n . G e n o t y p e s a d a p t e d t o dense s o w i n g c o u l d
p r o d u c e h i g h e r y i e l d s f r o m th i s t y p e o f g r o u n d n u t .
Ex t ra - l a rge -seeded g r o u n d n u t s are p r e f e r r e d f o r roas ted sa l ted g r o u n d n u t s .
T h e gene t i c sources o f ex t ra - l a rge seed are f o u n d i n V i r g i n i a t ypes t ha t p r o d u c e
v i g o r o u s v e g e t a t i v e g r o w t h a n d l o d g e . Ex t ra - la rge -seeded V i r g i n i a t y p e s o f la te -
m a t u r i n g va r i e t i es h a v e b e e n d e v e l o p e d , a n d e a r l y - m a t u r i n g ex t ra - la rge-seeded
S h i n p u n g l i nes h a v e b e e n se lected f r o m crosses b e t w e e n t h e m a n d S h i n p u n g
types .
T o i m p r o v e seed q u a l i t y , the b r e e d i n g target w a s t o i m p r o v e the f a t t y a n d
a m i n o a c i d c o m p o s i t i o n o f seed. V a r i a t i o n s i n o i l a n d p r o t e i n con ten ts i n des i rab le
b r e e d i n g m a t e r i a l s w e r e e v a l u a t e d a n d se lec t ions m a d e fo r qua l i t y . Seed s ize w a s
n e g a t i v e l y c o r r e l a t e d w i t h o i l con ten t , b u t p o s i t i v e l y co r re la ted w i t h p r o t e i n
con ten t . T h e m a j o r u n s a t u r a t e d o le ic a n d l i no l e i c f a t t y ac ids , t ha t s i g n i f i c a n t l y
a f fec t n u t r i t i o n a l v a l u e a n d o i l q u a l i t y , are n e g a t i v e l y c o r r e l a t e d .
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G e r m p l a s m
A b o u t 2100 g e r m p l a s m l ines h a v e been co l lec ted a n d s to red i n the gene b a n k o f
the R u r a l D e v e l o p m e n t A d m i n i s t r a t i o n . M o s t o f th i s g e r m p l a s m has b e e n
e v a l u a t e d f o r a g r o n o m i c t ra i t s , a n d some o f i t f o r ch e m i ca l p rope r t i es . G e r m p l a s m
c o l l e c t i o n ( i n c l u d i n g w i l d Arachis species) a n d e v a l u a t i o n f o r b r e e d i n g i s c a r r i e d
o u t i n c o l l a b o r a t i o n w i t h b reeders a n d gene b a n k bo tan is ts .
I m p r o v e m e n t of C u l t u r a l Practices for M e c h a n i z a t i o n
F i l m - m u l c h i n g c u l t i v a t i o n techn iques are i n t e n s i v e l y p r a c t i c e d a n d h a v e
d r a m a t i c a l l y i nc reased y i e l d s . H o w e v e r , m u l c h i n g h i n d e r s m e c h a n i z e d s o w i n g
a n d h a r v e s t i n g , a n d resu l ts i n h i g h l abo r i n p u t a n d costs. I t i s i m p o r t a n t t o
d e v e l o p p r o d u c t i o n techn iques tha t save l abo r a n d t i m e i n g r o u n d n u t . T h e
d e v e l o p m e n t o f su i t ab le m a c h i n e s f o r g r o u n d n u t c u l t i v a t i o n tha t d o n o t r educe
y i e l d s i s t he m o s t u r g e n t task t o b e s o l v e d i n Ko rea .
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Groundnut Production Technologies in Myanmar
Hla Shwe1
Abstract
T h e t o t a l area o f g r o u n d n u t i n M y a n m a r i n 1993 /94 w a s 467 449 ha . To ta l
p r o d u c t i o n w a s 432 261 t a n d the n a t i o n a l average y i e l d w a s 886 kg ha - 1 .
G r o u n d n u t i s m o s t l y g r o w n i n the d r y zone w h e r e a n n u a l r a i n f a l l ranges f r o m 500
mm to 1270 m m . In the r a i n y season f a r m y a r d m a n u r e o f 4 t ha - 1 i s a p p l i e d
toge the r w i t h f e r t i l i ze rs a t rates o f 12 kg N ha - 1 a n d 19.7 kg P ha - 1 . G y p s u m is a lso
a p p l i e d a t 350 k g ha - 1 . S p a n i s h t y p e m o n s o o n g r o u n d n u t f resh seeds y i e l d e d 1850
kg ha - 1 . W i n t e r g r o u n d n u t a f ter r i ce gave a y i e l d o f 1403 kg ha - 1 a n d i r r i g a t e d
g r o u n d n u t y i e l d e d 3800 k g ha - 1 .
In t roduct ion
T h e t o t a l h a r v e s t e d area o f g r o u n d n u t i n M y a n m a r i n 1993 /94 w a s 466 472 h a
w i t h a n a n n u a l ave rage p r o d u c t i o n o f 431280 t a n d n a t i o n a l average y i e l d o f 924.6
kg ha - 1 (Table 1). T h e m a i n area o f g r o u n d n u t c u l t i v a t i o n i s the cen t ra l d r y z o n e
w h e r e a n n u a l r a i n f a l l ranges f r o m 500 m m -1270 m m . I r r i g a t i o n i s u s e d near r i v e r
b a n k s a n d i r r i g a t i o n d a m s a n d u n d e r g r o u n d w a t e r f r o m t u b e w e l l s i s a n
a d d i t i o n a l b u t l i m i t e d i r r i g a t i o n source .
G r o u n d n u t i s c u l t i v a t e d o n v a r i o u s t ypes o f so i l a n d i n d i f f e ren t g r o w i n g
seasons. T h o s e so i ls a l o n g the r i v e r b a n k s are l oamy , w h i l e s o m e u p l a n d so i ls are
sandy , a n d o the rs l o a m y . T h e soi ls w h e r e g r o u n d n u t i s s o w n f o l l o w i n g r i ce are
l i g h t l o a m s . T h e l e n g t h s o f g r o w i n g seasons v a r y a c c o r d i n g t o the t y p e o f
g r o u n d n u t a n d t h e t i m e o f s o w i n g . T h e r a i n y season V i rg i n i a t y p e i s s o w n i n M a y
1. Central Agriculture Development Training Centre, Myanmar Agriculture Service, Ministry of Agriculture, Hlegu,
Myanmar.
Shwe Hla. 1996. Groundnut production technologies in Myanmar. (In En. Summary in Ch.) Pages 65-70 in Achieving
high groundnut yields: proceedings of an international workshop, 25-29 Aug 1995, Laixi City, Shandong, China
(Renard, C., Gowda, C.L.L., Nigam, S.N., and Johansen, C. eds.). Patancheru 502 324, Andhra Pradesh, India:
International Crops Research Institute for the Semi-Arid Tropics.
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Tab le 1 . Yearwise p r o d u c t i o n , area, a n d d r y p o d y ie lds o f g r o u n d n u t i n
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1. Myanmar Agriculture Statistics of Myanmar Agriculture Service for 1993-94.
a n d June a n d h a r v e s t e d i n N o v e m b e r a n d December . T h e ea r l y r a i n y season
Span ish t y p e i s s o w n i n M a y a n d June a n d ha rves ted i n Sep tember a n d October .
T h e w i n t e r Span i sh t y p e g r o u n d n u t i s s o w n i n N o v e m b e r a n d D e c e m b e r a n d
h a r v e s t e d i n M a r c h a n d A p r i l .
T h e c r o p p i n g p a t t e r n n o r m a l l y p r a c t i c e d i s e a r l y r a i n y season Span ish
g r o u n d n u t f o l l o w e d b y la te sesame o r pu lses . N e a r the r i v e r b a n k s , p r e m o n s o o n
i r r i g a t e d sesame i s f o l l o w e d b y w i n t e r Span ish g r o u n d n u t . N o r m a l l y m o s t o f t he
r i v e r b a n k areas are f l o o d e d f o r a f e w m o n t h s d u r i n g the r a i n y season. T h e u s u a l
r o t a t i o n p r a c t i c e i s t o s o w V i r g i n i a g r o u n d n u t s i n the f i r s t year a n d e a r l y sesame
f o l l o w e d b y p u l s e s o r s o r g h u m i n t he second year. W i n t e r g r o u n d n u t a n d m a i z e
are g r o w n m i x e d o n s o m e r i v e r b a n k s .
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R a i n f e d G r o u n d n u t Production Technologies
R a i n f e d g r o u n d n u t i s o f t w o types , Span ish a n d V i rg in ia . Some Span ish i m p r o v e d
va r i e t i es are Sp. 121-070, M a g w e - 1 0 , M a g w e - 1 1 , M a g w e - 1 2 , M a g w e - 1 5 ,
S i n p a d e t h a - 2 , a n d S inpade tha-5 . T h e i r d u r a t i o n i s a b o u t 110420 d a y s . A n
i m p r o v e d V i r g i n i a v a r i e t y is K y a u n g g o n . Sp. 121-070 is a se lec t ion f r o m a Span ish
va r ie t y . M a g w e - 1 0 is a cross b e t w e e n Sp. 121-070 a n d S.S. 5 0 / 0 5 possess ing a h i g h
s h e l l i n g pe rcen tage o f a b o u t 76%. M a g w e - 1 1 a n d M a g w e - 1 2 are se lect ions f r o m
exo t i c va r ie t i es . M a g w e - 1 5 is a lso a cross b e t w e e n Spanish a n d V i rg i n i a t ypes t h a t
has p a r t i a l seed d o r m a n c y (14 days ) a t ha rves t t i m e . I m p o r t a n t character is t ics o f
t he va r i e t i es are s h o w n i n Table 2 .
Seed Product ion
Breeder seed i s p r o d u c e d a t the C e n t r a l A g r i c u l t u r a l Research I n s t i t u t e a n d
f o u n d a t i o n a n d reg is te red seeds are p r o d u c e d on C e n t r a l Seed Fa rms . C e r t i f i e d
seeds are p r o d u c e d i n reg is te red g r o w e r s ' f ie lds .
F a r m e r s p r e f e r t o use f resh seed so, f o r r a i n y season s o w i n g , f a r m e r s l i k e seed
h a r v e s t e d i n M a r c h t o p l a n t i n A p r i l . U p l a n d r a i n f e d Spanish c r o p g r o w e r s
d i r e c t l y exchange the i r seed w i t h tha t o f r i v e r b a n k g r o w e r s o f the same r e g i o n .
T h e r e f o r e , the re are no seed s torage p r o b l e m s . Seed i s d i s t r i b u t e d by ex tens ion
w o r k e r s o f the M y a n m a r A g r i c u l t u r e Serv ice t o f a rmers w h o need i t . A s the seed -
to -seed r a t i o i s v e r y n a r r o w i n g r o u n d n u t , seed m u l t i p l i c a t i o n a n d d i s t r i b u t i o n
rates are v e r y l o w .
F a r m y a r d m a n u r e at the ra te of 4 t ha - 1 is a p p l i e d at the t i m e of l a n d
p r e p a r a t i o n i n M a r c h a n d A p r i l . P l o w i n g i s u s u a l l y w i t h a 3-disc p l o w a n d
h a r r o w i n g w i t h a 16-disc h a r r o w . D u r i n g the last w e e k o f A p r i l t r i p l e
s u p e r p h o s p h a t e a t the ra te o f 19.7 kg P ha - 1 i s a p p l i e d a n d i n c o r p o r a t e d i n t o the
so i l . U r e a f e r t i l i z e r a t the ra te o f 12 kg N ha - 1 i s a p p l i e d o n l y a t the t i m e o f s o w i n g
i.e., i n M a y a n d June , i f there i s e n o u g h m o n s o o n r a i n . Th ree h u n d r e d a n d f i f t y k g
ha - 1 o f g y p s u m i s a p p l i e d a t s o w i n g t i m e . A l t h o u g h i t i s r e c o m m e n d e d t o a p p l y
g y p s u m 3 0 d a y s af ter s o w i n g , f a rme rs h a v e d i f f i c u l t y i n a p p l y i n g g y p s u m i n
b e t w e e n r o w s a n d the re fo re i t i s a p p l i e d a t s o w i n g t i m e .
T o ach ieve h i g h y i e l d s ea r l y s o w i n g i s essent ia l s o l a n d p r e p a r a t i o n m u s t b e
f i n i s h e d be fo re the onset o f the m o n s o o n . S o w i n g i n the f i rs t w e e k o f M a y g a v e
y i e l d s o f 1850 kg ha - 1 u s i n g f resh seed ( f r o m w i n t e r r i v e r b a n k g r o u n d n u t )
w h e r e a s o l d seed (seed f r o m the p r e v i o u s yea r ' s r a i n y season c rop ) s o w n a t t he
same t i m e g a v e y i e l d s o f 1700 k g ha - 1 . S o w i n g i n the second w e e k o f M a y u s i n g
f r e s h seed y i e l d e d 1600 kg ha - 1 a n d o l d seed s o w n i n the same p e r i o d y i e l d e d 1385
k g ha - 1 . S o w i n g i n the f i r s t w e e k o f June u s i n g f resh seed resu l t ed i n y i e l d s o f 750
k g h a - 1 , w h e r e a s s o w i n g a t the same t i m e u s i n g o l d seed resu l t ed i n y i e l d s o f 650
k g h a - 1 .
E v e n o n the same day , the y i e l d f r o m seed s o w n i n the m o r n i n g w a s h i g h e r
t h a n f r o m tha t s o w n i n the a f t e r n o o n i.e., m o r n i n g s o w i n g p r o d u c e d a y i e l d o f
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1150 kg ha - 1 w h e r e a s a y i e l d o f 800 kg ha - 1 w a s o b t a i n e d f r o m s o w i n g in t he
a f t e r n o o n , p r o b a b l y because so i l t empera tu res are l o w e r i n t he m o r n i n g g i v i n g a 
h i g h e r g e r m i n a t i o n ra te . P lan t spac ing r e c o m m e n d e d b y the M y a n m a r
A g r i c u l t u r e Serv ice f o r Span ish t ypes o f m o n s o o n g r o u n d n u t i s 38 cm x 10 cm a n d
f o r V i r g i n i a va r ie t i es r e c o m m e n d e d spac ing is 45 cm x 15 c m . Seed ra te
r e c o m m e n d e d f o r Span ish types is 120 kg ha - 1 a n d t ha t f o r V i rg in ia t ypes is 100
k g h a - 1 .
Seeds are t rea ted w i t h b o t h insec t i c ide a n d f u n g i c i d e a t the t i m e o f s o w i n g .
R h i z o b i a l i n o c u l u m i s a lso u s e d , espec ia l l y i n loca t ions w h e r e i n o c u l u m s torage
fac i l i t i es are ava i l ab le .
T h e A g r i c u l t u r e M e c h a n i z a t i o n D e p a r t m e n t i s m a i n l y respons ib le f o r
m e c h a n i z e d f a r m i n g . P r i v a t e l y - o w n e d t rac tors are also u s e d fo r l a n d p r e p a r a t i o n
i n s o m e areas.
In te rcu l t iva t ion
T h e f i r s t c u l t i v a t i o n i s ca r r i ed o u t 5 days af ter s o w i n g so tha t ea r l y w e e d s are
s u p p r e s s e d , a n d the so i l becomes loose to fac i l i ta te seed l i ng emergence. Second
a n d t h i r d i n t e r c u l t i v a t i o n s are d o n e 15 a n d 25 days af ter s o w i n g . F ie lds o f Spanish
g r o u n d n u t are h a n d w e e d e d 30 days af ter s o w i n g , a n d V i rg in ia are w e e d e d 45
d a y s a f te r s o w i n g .
I r r igated G r o u n d n u t
W i n t e r - i r r i g a t e d g r o u n d n u t i s g r o w n o n r i v e r b a n k s i r r i g a t e d u s i n g h i g h l i f t
p u m p s . I n these areas the y i e l d s can reach 3800 k g h a - 1 .
Seed Storage
For g r o u n d n u t s g r o w n af ter r i ce i n l o w e r M y a n m a r f resh seeds f r o m b o t h the
cen t ra l p a r t o f M y a n m a r a n d Shan State are u s e d . O w i n g t o the h i g h t r a n s p o r t
charges i n c u r r e d , f o r m e r l y the ex ten t o f the area s o w n t o g r o u n d n u t af ter r i ce w a s
l i m i t e d . T h i s p r o b l e m has been reso l ved b y s t o r i n g g r o u n d n u t seeds i n sealed t i n
con ta i ne r s t o b e g r o w n i n the f o l l o w i n g yea r ' s w i n t e r season. S t o r i n g the p o d s
e i t he r i n b a m b o o b i n s o r i n p las t ic bags g ives p o o r g e r m i n a t i o n rates. H o w e v e r
s t o r i n g i n p las t i c bags i s be t te r t h a n s t o r i n g i n b a m b o o b i ns . W i n t e r g r o u n d n u t
a f te r r i ce y i e l d s a b o u t 1400 kg ha - 1 .
Insect Pests a n d Diseases
Lea f m i n e r (Approaerema modicella) is a ser ious pest o c c u r r i n g in b o t h the r a i n y
season a n d i n w i n t e r . I n t he s a n d y soi ls area g r o u n d n u t w h i t e chafer g r u b
(Eulepida mas hona) is a lso se r ious in s o m e years. C o l l a r r o t (Aspergillus niger) a n d
e a r l y lea f s p o t (Cercospora arachidicola) a n d la te leaf spo t (Mycosphaerella berkeleyi) 
are m a j o r diseases t ha t r e d u c e y i e l ds . P recau t ions are t a k e n b y t r ea t i ng seed w i t h
s u i t a b l e chemica l s .
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C o n c l u s i o n
M y a n m a r p e o p l e c o n s u m e g r o u n d n u t a n d sesame o i l i n l a rge a m o u n t s a n d a t
p r e s e n t o i l seeds p r o d u c t i o n i s i n s u f f i c i e n t t o m e e t t he d e m a n d . G r o u n d n u t p l a y s a 
v e r y i m p o r t a n t r o l e i n c o n t r i b u t i n g t o l o c a l needs as the ha rves ted area i s g reater
t h a n t h a t o f o t h e r o i l seeds .
T h e r e f o r e , a p p l i c a t i o n o f h i g h techno log ies f o r g r o u n d n u t p r o d u c t i o n i s
essent ia l i n t he o i l seeds i n d u s t r y a n d M y a n m a r A g r i c u l t u r e Serv ice p e r s o n n e l , i n
c o o p e r a t i o n w i t h o t h e r agenc ies, are t r y i n g t o m e e t the d e m a n d f o r self-
s u f f i c i e n c y
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The Status of Technologies to Achieve
High Groundnut Yield in The Philippines
V C Perdido1, and E L Lopez2
Abstract
G r o u n d n u t i s a n i m p o r t a n t c o m m e r c i a l c r o p because o f i t s v a r i e d uses a n d T h e
P h i l i p p i n e s has e c o n o m i c advan tages ove r s o m e o the r coun t r i es p r o d u c i n g the
c r o p .
H e c t a r a g e o f g r o u n d n u t i n 1993 w a s o n l y 44 909 ha , a dec l i ne f r o m 1989, w h e n
the area w a s 50 416 ha . Desp i t e f l uc tua t ions in the area p l a n t e d , because o f
u n s t a b l e p r i ces a n d sho r tage o f seeds, the n a t i o n a l average y i e l d has r e m a i n e d a t
720 k g ha - 1 f o r f i ve years . A l m o s t 5 0 % o f the g r o u n d n u t i n the c o u n t r y i s g r o w n i n
the n o r t h e r n P h i l i p p i n e s ( C a g a y a n Va l l ey reg ion ) . G r o u n d n u t c o u l d b e g r o w n
o v e r a g rea ter area b u t f a r m e r s have sh i f t ed to o the r c o m m o d i t i e s d u e to
p r o b l e m s re l a ted t o p r o d u c t i o n a n d m a r k e t i n g . A l t h o u g h the c r o p c o u l d b e g r o w n
t h r o u g h o u t t he yea r t he y i e l d d u r i n g the w e t season i s v e r y l o w .
D u r i n g t he last decade , i n the k e y p r o d u c t i o n area ( K P A ) fo r g r o u n d n u t , y i e l d
has r eached m o r e t h a n 2500 kg ha-1 . T h i s increase has been a t t r i b u t e d t o the
i m p r o v e d va r ie t i es g r o w n , the use o f a p p r o p r i a t e r h i z o b i a l i n o c u l a n t a n d h i g h
p l a n t p o p u l a t i o n h a - 1 , r e s u l t i n g f r o m the use o f s o w i n g d r i l l s .
I m p r o v e d va r ie t i es are d e v e l o p e d o r i n t r o d u c e d a n d eva lua ted u n d e r v a r i o u s
g r o w i n g c o n d i t i o n s b y b r e e d i n g i n s t i t u t i o n s i n the c o u n t r y T h e seeds o f the
s u p e r i o r va r i e t i es i n i t i a l l y are inc reased b y the b r e e d i n g i n s t i t u t i o n a n d t h e n mass
p r o d u c e d b y the seed s ta t ions o f the D e p a r t m e n t o f A g r i c u l t u r e a n d a g r i c u l t u r a l
co l leges.
I n o c u l a n t s a n d i m p r o v e d s o w i n g m e t h o d s have been i n t r o d u c e d t o f a r m e r s b y
t e c h n o l o g y v e r i f i c a t i o n t r ia l s a n d p i l o t a n d c o m m e r c i a l i z a t i o n p r o g r a m s
i n v o l v i n g m a n y f a rme r - coope ra to r s ove r la rge areas.
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2. Crops Research Division, Philippine Council for Agriculture, Forestry and Natural Resources Research and
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G r o u n d n u t , p o p u l a r l y k n o w n a s p e a n u t i n T h e P h i l i p p i n e s , i s a n i m p o r t a n t
c o m m e r c i a l cash c r o p f o r F i l i p i n o f a rmers . I t i s u s e d f o r l oca l c o n s u m p t i o n i n
v a r i o u s f o r m s , p r e p a r e d i n t o de l icac ies s u c h a s p e a n u t b r i t t l e , o r p rocessed i n t o
o t h e r f o o d p r o d u c t s (Garc ia e t a l . 1990).
H e c t a r a g e g r o w n t o g r o u n d n u t has f l u c t u a t e d , m a i n l y d u e t o uns tab le p r i ces o f
t he p r o d u c t a n d l ack o f seed a v a i l a b i l i t y a t p l a n t i n g t i m e . I n 1989, area s o w n t o
g r o u n d n u t w a s 50 416 ha a n d i t g r a d u a l l y r e d u c e d to 44 909 ha i n 1993 as f a r m e r s
c h a n g e d t o m o r e r e m u n e r a t i v e c rops ( B A S 1993, 1994). H o w e v e r , the n a t i o n a l
a v e r a g e y i e l d has r e m a i n e d a t 720 kg ha - 1 f o r the last 5 years . A l m o s t 5 0 % o f the
Tab le 1 . G r o u n d n u t p r o d u c t i o n i n T h e P h i l i p p i n e s , 1992 a n d 1993.
R e g i o n
P h i l i p p i n e s
C o r d i l l e r a A d m .
R e g i o n
I l ocos R e g i o n
C a g a y a n V a l l e y
C e n t r a l L u z o n
S o u t h e r n T a g a l o g
B i c o l R e g i o n
W e s t e r n V i sayas
C e n t r a l V i sayas
Eas te rn V i sayas
W e s t e r n M i n d a n a o
N o r t h e r n M i n d a n a o
S o u t h e r n M i n d a n a o
C e n t r a l M i n a d a n a o
A R R M







2 9 2 2
1 4 1 0
2 2 4 4

























































































Source: Bureau of Agricultural Statistics; 1993, 1994. Department of Agriculture, Quezon City, The Philippines.
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g r o u n d n u t g r o w n i n T h e P h i l i p p i n e s i s f o u n d i n the C a g a y a n Va l l ey r e g i o n . I n
1993 a l o n e , t he area p l a n t e d t o the c rop i n th is r e g i o n w a s 21 278 h a , t h o u g h the
ave rage p r o d u c t i v i t y w a s one o f the l o w e s t i n the c o u n t r y (670 k g ha - 1 ) .
T h e area o f h i ghes t p r o d u c t i v i t y i s the I locos r e g i o n w i t h 1200 kg ha - 1 (Table 1).
W h i l e t he ave rage p r o d u c t i o n i n the c o u n t r y i s l o w , the p o t e n t i a l o f s o m e va r ie t i es
i n t h e K e y P r o d u c t i o n A reas ( K P A ) f o r g r o u n d n u t c o u l d reach m o r e t h a n 2500 k g
ha - 1 , s i m i l a r t o t h a t o b t a i n e d o n g o v e r n m e n t seed f a r m s .
T r a d i t i o n a l l y g r o u n d n u t i s a d r y season c r o p s o w n af ter the w e t season m a i z e
o r r i ce , a n d g r o w n d u r i n g the t a i l - end o f the r a i n y season (Oc t t o Dec) . G r o u n d n u t
g r o w n d u r i n g the w e t season ( M a y s o w i n g ) i s f o r seed p u r p o s e s a n d f a r m e r s
f o l l o w the g a r d e n - t y p e p r o d u c t i o n w h e r e the area s o w n b y each i n d i v i d u a l
f a r m e r i s j u s t e n o u g h t o p r o d u c e seed f o r the d r y season c r o p p i n g . Y i e l d o f t he
c r o p d u r i n g the w e t season i s v e r y l o w , r a n g i n g f r o m 400 t o 600 k g ha - 1 .
Product ion Systems for G r o u n d n u t in T h e Phi l ippines
Soils a n d S o w i n g T imes for G r o u n d n u t Product ion
M a j o r g r o u n d n u t p r o d u c t i o n areas i n the c o u n t r y are o n the r i v e r f l o o d p l a i n s
w h e r e so i ls are desc r i bed as w e l l d r a i n e d , l i g h t t e x t u r e d , s l i g h t l y ac id ic ( p H 5.5 -
6.5), a n d r e l a t i v e l y f e r t i l e w i t h h i g h o rgan ic mat ter .
G r o u n d n u t i s a r e l a t i v e l y s h o r t - d u r a t i o n c r o p , m a t u r i n g i n less t h a n 120 d a y s .
T h e c r o p p i n g season i s f r o m M a y t o O c t fo r the w e t season a n d N o v t o A p r f o r t he
d r y season. D u r i n g the w e t season ( M a y s o w i n g ) , the c r o p i s g r o w n o n the
h i l l s i des .
Variet ies C o m m o n l y G r o w n i n T h e Ph i l ipp ines
Var ie t i es c o m m o n l y u s e d b y g r o w e r s are s h o w n i n Table 2 . The re are o the r
va r ie t i es b u t t h e y are n o t acceptab le t o g r o w e r s . T h e m o s t p r e f e r r e d va r ie t ies are
la rge seeded , w i t h t w o seeds p o d - 1 a n d a p i n k co lo red seed coat. I n the I locos
r e g i o n , a r e d seeded t r a d i t i o n a l v a r i e t y i s s t i l l p o p u l a r a n d th i s i s u s e d m a i n l y f o r
l oca l c o n s u m p t i o n . T h e genera l p e r f o r m a n c e o f th is v a r i e t y i n the f a r m e r s ' f i e l d
t r i a l s a t Isabela w a s i n f e r i o r t o the o the r r e c o m m e n d e d var ie t ies b u t s u p e r i o r t o
t he f a r m e r s ' t r a d i t i o n a l v a r i e t y (Table 3). Fa rmers also use i m p r o v e d va r ie t ies tha t
are n o t c e r t i f i e d b u t h a v e been g r o w n fo r genera t ions o r b o u g h t f r o m seed dea lers
f r o m o t h e r reg ions . Genera l l y , f a r m e r s p r o d u c e the i r o w n seeds.
I n i t i a l seed s tocks o f i m p r o v e d ce r t i f i ed var ie t ies are m u l t i p l i e d b y b r e e d i n g
i n s t i t u t i o n s a n d t h e n m u l t i p l i e d o n g o v e r n m e n t seed f a rms . The re are n o
reg i s te red seed g r o w e r s v e n t u r i n g i n t o g r o u n d n u t seed p r o d u c t i o n except f o r
t r a i n e d c o o p e r a t i v e m e m b e r s . For the last th ree seasons, seeds o f i m p r o v e d
va r i e t i es h a v e been inc reased b y a Fa rmers ' C o o p e r a t i v e i n Isabela a n d are n o w
w i d e l y u s e d b y i t s m e m b e r s .
T h e i n t r o d u c t i o n o f t h e b a r a n g a y 1 based g a r d e n - t y p e seed p r o d u c t i o n p r o g r a m
has h e l p e d f a r m e r - m e m b e r s o f coopera t i ves t o ensure the a v a i l a b i l i t y o f q u a l i t y
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T a b l e 2 . Y i e l d a n d agronomic per formance o f r e c o m m e n d e d g r o u n d n u t
var ie t ies c o m m o n l y g r o w n i n T h e P h i l i p p i n e s .
V a r i e t y
B P I P n 9 
B P I P n 2 
U P L P n 2 
U P L P n 8 
U P L P n 10
P o d
Y i e l d






D a y s t o






Seed Q u a l i t y
C o l o r
P i n k i s h
P i n k i s h
P i n k i s h
P i n k i s h
L i g h t p i n k
Size
L a r g e
L a r g e
L a r g e
L a r g e
L a r g e
1. CLS = Cercospora Leaf Spot
Rating Scales: R = Resistant, MR = Moderately Resistant, MS = Moderately Susceptible,
Source: Philippine Seed Board, 1993.
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Tab le 3 . M e a n p o d y i e l d o f g r o u n d n u t var iet ies ob ta ined i n o n - f a r m tr ia ls ,
Isabe la , T h e P h i l i p p i n e s .
V a r i e t y
B P I P n 2 
U P L P n 8 
B P I P n 9 
U P L P n 10
I l ocos R e d









































1. DS - Dry season; 2. WS - Wet season
In the column, means having the same letter are not statistically different at 5% level, by DMRT.
seeds d u r i n g the r e g u l a r season ( P e r d i d o e t a l . 1994). Besides, i t m a k e s the
m a r g i n a l s l o p p y areas p r o d u c t i v e d u r i n g the w e t season. Seeds p r o d u c e d d u r i n g
the r e g u l a r d r y season are s h a r e d w i t h f a r m e r s i n o t he r areas t h r o u g h the
i n t e r v e n t i o n o f t he g o v e r n m e n t a g r i c u l t u r e sector. A g o v e r n m e n t seed assistance
p r o g r a m b y seed exchange ( e x c h a n g i n g the seed o f t he f a r m e r w i t h the i m p r o v e d
v a r i e t y ) o r t h r o u g h seed l oans p a y a b l e i n k i n d a f ter ha rves t has been i n t r o d u c e d .
Product ion I n p u t s
G r o u n d n u t c u l t u r e r equ i res m i n i m u m i n p u t s . T h e p r o d u c t i o n areas are r a i n f e d
w i t h n o s u p p l e m e n t a l i r r i g a t i o n . A s g r o u n d n u t i s a r e l a t i v e l y d r o u g h t - t o l e r a n t
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c r o p , i t p r o d u c e s acceptab le y i e l d s d u r i n g the n o r m a l c r o p p i n g season w i t h o u t
i r r i g a t i o n .
F e r t i l i z e r a p p l i c a t i o n i n less f e r t i l e soi ls i n v o l v e s the a p p l i c a t i o n o f 100 kg ha - 1
o f c o m p l e t e f e r t i l i ze r s (14-14-14), a p p l i e d as basa l be fo re p l a n t i n g . I n m o s t areas,
t he n a t i v e Rhizobium p o p u l a t i o n i s su f f i c ien t .
C h e m i c a l s are u s e d o n l y i n t he c o n t r o l o f insect pests.
A v a i l a b i l i t y o f Cred i t
F a r m e r s ' o r g a n i z a t i o n s l i k e coopera t i ves are e n c o u r a g e d . G o v e r n m e n t l e n d i n g
i n s t i t u t i o n s s u c h a s the L a n d B a n k o f T h e P h i l i p p i n e s (LBP) a n d R u r a l Banks (RB)
e x t e n d assistance o n l y t o o r g a n i z e d g r o u p s w h o are p r o d u c i n g h i g h - v a l u e
c o m m e r c i a l c rops .
P r i v a t e l e n d e r s s t i l l d o m i n a t e desp i te h i ghe r in teres t rates s ince i t i s easy to
b o r r o w f r o m t h e m . T h e y i m p o s e the c o n d i t i o n tha t f a rmers m u s t se l l t he i r ha rves t
t o t h e m w i t h t he resu l t t ha t f a rme rs canno t b a r g a i n fo r a bet ter p r i ce because o f
t he i r s t a n d i n g accoun ts ( H u e l g a s 1990).
Farm Mechanization
T h e use o f m a c h i n e s i n g r o u n d n u t p r o d u c t i o n i s c o m m o n o n l y f o r l a n d
p r e p a r a t i o n , w h e n h i r e d t rac to rs are ava i lab le i n the loca l i ty . H o w e v e r , s m a l l f a r m
m a c h i n e s h a v e been d e v e l o p e d t o reduce the cost o f g r o u n d n u t p r o d u c t i o n a n d
i m p r o v e t h e q u a l i t y o f t he p r o d u c t s . These mach ines i n c l u d e the f o l l o w i n g :
A n i m a l - d r a w n m u l t i c r o p seeder-fert i l izer applicator. T h e i m p l e m e n t opens
f u r r o w s , a n d d r o p s a n d covers seeds a n d fe r t i l i ze r s i m u l t a n e o u s l y i n o n e
o p e r a t i o n . I t c a n cove r 0.65 ha day - 1 . T h i s i m p l e m e n t can save a r o u n d 6 0 % o f the
t o t a l h u m a n - a n i m a l l abo r r e q u i r e d ha - 1 a n d consequen t l y the t o ta l cost o f
p r o d u c t i o n . I t saves t i m e espec ia l l y w h e n h i r e d laborers are n o t ava i l ab le .
A n i m a l d r a w n in te r - row weeder-cul t ivator for d r y l a n d f a r m i n g . O n e
a d v a n t a g e o f t he i m p l e m e n t i s tha t i t can save 66% o f h u m a n - a n i m a l d a y s o v e r
t he c o n v e n t i o n a l r o w - w e e d i n g , a n d 5 3 % pe rson -days ha - 1 f o r w i t h i n - t h e - r o w
h a n d w e e d i n g .
M u l t i - c r o p str ipper/ thresher. A h o l d - o n t y p e o f m u l t i - c r o p s t r i p p e r / t h r e s h e r
has b e e n d e s i g n e d f o r g r o u n d n u t . S t r i p p i n g capac i t y ranges f r o m 5 0 t o 7 0 k g h - 1
w i t h ze ro p o d d a m a g e a n d p o d loss, a n d i t can save 72% labo r i n s t r i p p i n g e i the r
n e w l y u p r o o t e d o r p a r t i a l l y d r i e d g r o u n d n u t c o m p a r e d t o m a n u a l h a n d - p i c k i n g
o f p o d s .
G r o u n d n u t shel ler. T h i s m a c h i n e can b e p e d a l ope ra ted o r p o w e r e d
m e c h a n i c a l l y by a 5 hp gaso l i ne eng ine to su i t h i g h v o l u m e s o f p r o d u c t i o n .
O u t p u t c a p a c i t y ranges f r o m 3 0 t o 6 0 k g h - 1 f o r p e d a l o p e r a t i o n a n d 5 0 t o 100 k g
h - 1 w h e n u s i n g eng ine . S h e l l i n g e f f i c iency r a t i n g s are 80-98% f o r p e d a l a n d
85-99% f o r e n g i n e d r i v e w i t h o n l y 4 .5% b r o k e n seeds. W i t h t he m a c h i n e , a f a r m e r
c a n save 9 4 % o f t he p e r s o n - d a y s r e q u i r e d t o h a n d s h e l l g r o u n d n u t .
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C r o p Rotat ions a n d C r o p p i n g Patterns
G r o u n d n u t i s p l a n t e d a s m o n o c u l t u r e a f te r r i ce a n d m a i z e , o r i n c o m b i n a t i o n
( s t r i p - a n d i n t e r c r o p p e d ) w i t h o t he r c rops l i k e m a i z e , beans, m u n g b e a n , a n d
s t r i n g beans ( 's i tao ' ) / a n d a s a n a l te rna te c r o p f o r swee t p o t a t o . M a i z e ( w h i t e f l i n t
o r g l u t i n o u s ) a s a n i n t e r c r o p i s d o m i n a n t .
T h e r a t i o o f g r o u n d n u t w i t h o t he r c rops i s 5 :1 , o r 5:2 f o r m a i z e (ma i ze i s
p l a n t e d i n d o u b l e r o w w i t h s p a c i n g o f 3 0 c m x 2 5 c m ) , a n d 5:1 w i t h o t he r l e g u m e s
l i k e m u n g b e a n , s i tao , a n d beans .
C u l t u r a l Practices in G r o u n d n u t Product ion
L a n d prepara t ion . G r o u n d n u t f i e lds are p r e p a r e d f o l l o w i n g the c o n v e n t i o n a l
m e t h o d o f l a n d p r e p a r a t i o n i n u p l a n d areas ( w e l l p r e p a r e d seedbed) u s i n g e i ther
a n i m a l - d r a w n i m p l e m e n t s o r f a r m t rac to rs . A f t e r the last h a r r o w i n g , f u r r o w s are
set 5 0 c m apa r t .
S o w i n g . Seeds are d r i l l e d a l o n g f u r r o w s a t the ra te o f 10-12 seeds m - 1 . Some
f a r m e r s s o w b y d r o p p i n g 2-3 seeds pe r h i l l spaced 15-20 c m a p a r t w i t h i n the r o w .
S e e d i n g ra te i s 160 kg ha - 1 ( u n s h e l l e d ) o r 100-110 kg ha- 1 o f she l l ed g r o u n d n u t
g i v i n g a p o p u l a t i o n o f 200 000 p l a n t s ha-1 .
C u l t i v a t i o n . A s m a l l s p i k e t o o t h h a r r o w i s passed b e t w e e n f u r r o w s to d e s t r o y
g e r m i n a t i n g w e e d s 10 d a y s a f ter s e e d l i n g emergence . H i l l i n g - u p i s d o n e 25-30
d a y s a f te r e m e r g e n c e o r be fo re the p e g g i n g stage.
Fer t i l i zer app l ica t ion . G r o u n d n u t i s u s u a l l y n o t f e r t i l i z e d w i t h g r a n u l a r
f e r t i l i ze r s . F o l l o w i n g a h e a v i l y f e r t i l i z e d w e t season m a i z e o r r i ce , the g r o u n d n u t
m a y d e p e n d o n t he r e s i d u a l f e r t i l i ze r a p p l i e d d u r i n g the p r e v i o u s season. I n less
fe r t i l e so i l s , 100 kg ha - 1 o f c o m p l e t e f e r t i l i z e r (14-14-14) m a y be a p p l i e d as a basa l
a p p l i c a t i o n .
R h i z o b i a l i n o c u l a t i o n m a y a lso b e p r a c t i c a l i n s o m e g r o u n d n u t p r o d u c t i o n
areas. T h e Rhizobium c u l t u r e can be o b t a i n e d f r o m the r e g i o n a l of f ices o f the
D e p a r t m e n t o f A g r i c u l t u r e , t h e B u r e a u o f Soi ls a n d Wate r M a n a g e m e n t a t Q u e z o n
C i t y , a n d the I n s t i t u t e o f B i o t e c h n o l o g y a t T h e U n i v e r s i t y o f T h e P h i l i p p i n e s , L o s
Banos .
W a t e r M a n a g e m e n t . G r o u n d n u t i s g r o w n u n d e r r a i n f e d c o n d i t i o n s gene ra l l y
w i t h o u t i r r i g a t i o n . I f i r r i g a t i o n i s ever a p p l i e d , i t i s d o n e d u r i n g the c r i t i ca l stages
o f t h e c r o p s u c h a s g e r m i n a t i o n , f l o w e r i n g , p o d d e v e l o p m e n t , a n d p o d f i l l i n g .
W e e d s , pest , a n d diseases control . C u l t i v a t i o n a n d h a n d w e e d i n g are t he m o s t
c o m m o n m e a n s o f e l i m i n a t i n g w e e d s a n d these are d o n e i n t he f i r s t 4-6 w e e k s o f
c r o p g r o w t h . Pes t i c ides are v e r y s e l d o m a p p l i e d except i n t he c o n t r o l o f insect
pests . Diseases are n o t c o n t r o l l e d .
H a r v e s t i n g . G r o u n d n u t i s h a r v e s t e d b y u p r o o t i n g o r p u l l i n g the p l a n t a f te r
p a s s i n g a n a n i m a l - d r i v e n p l o w o n b o t h s ides o f the r o w t o l o o s e n the so i l . T h e
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u p r o o t e d p l a n t s , w i t h p o d s , are le f t i n w i n d r o w s f o r d r y i n g af ter w h i c h p o d s are
h a n d - p i c k e d o r t h r e s h e d b y the g r o u n d n u t s t r ipper .
Postharvest practices. T h e ha rves ted p o d s are s u n d r i e d 2-3 d a y s u n t i l t he seeds
b e c o m e loose w i t h i n the p o d s . Fa rmers t r a d i t i o n a l l y s tore u n s h e l l e d g r o u n d n u t
f o r seed p u r p o s e s o r w h i l e w a i t i n g f o r a h i g h e r p r i ce .
G r o u n d n u t p o d s are s to red i n a i r t i g h t con ta iners (af ter d r y i n g ) i f t h e y are
i n t e n d e d f o r seed p u r p o s e s . T h i s i nc l udes the use o f d r u m s cove red w i t h p las t i c
sheets.
G r o u n d n u t shel ters are ava i l ab le b u t d u e t o l i m i t e d q u a n t i t y , h a n d s h e l l i n g s t i l l
d o m i n a t e s .
Constraints on G r o u n d n u t Production
Severa l cons t ra i n t s o n g r o u n d n u t p r o d u c t i o n have been i d e n t i f i e d i n the k e y
p r o d u c t i o n areas ( P e r d i d o , 1994).
I n a d e q u a t e seed product ion . P r i v a t e seed g r o w e r s concent ra te on seed
p r o d u c t i o n o f r i ce a n d m a i z e , a n d n o t o n g r o u n d n u t seed. G r o u n d n u t seed f a r m s
are the o n l y sources.
Insuf f ic ient seed s u p p l y o f i m p r o v e d variet ies. I f g o o d q u a l i t y seeds are
u n a v a i l a b l e , f a r m e r s h a v e to be con ten t to use w h a t e v e r seeds t hey have a t
s o w i n g t i m e .
Preva lent pests a n d diseases of g r o u n d n u t that reduce p lant p o p u l a t i o n at
harvest t i m e . T h e r e are m a n y pests a n d diseases o f g r o u n d n u t b u t f a r m e r s
r a r e l y a p p l y c o n t r o l measures .
Occurrence o f d rought . G r o u n d n u t g r o w s w e l l u n d e r r a i n f e d c o n d i t i o n s , b u t
y i e l d s are r e d u c e d u n d e r severe m o i s t u r e def ic iency. M o s t u p l a n d f a rme rs d o n o t
possess the necessary m e a n s o f i r r i g a t i n g the i r c r o p i n cases o f d r o u g h t .
L i m i t e d technical k n o w h o w i n g r o u n d n u t product ion . M o s t g o v e r n m e n t
techn i c ians are l oca ted i n t he r i ce a n d m a i z e areas a n d f a r m e r s g r o w i n g l e g u m e s
are s o m e t i m e s neg lec ted .
Lack o f capi ta l . G o v e r n m e n t l e n d i n g i n s t i t u t i o n s ex tend c red i t assistance o n l y
t o reg i s te red coope ra t i ves . U p l a n d f a r m e r s are n o t y e t o r g a n i z e d o r su f f i c i en t l y
c r e d i b l e t o t ransact l oans w i t h l e n d i n g i n s t i t u t i o n s .
Lack o f m a r k e t a n d pr ice incentives. Pr ices o f g r o u n d n u t are d i c t a t e d by
t r a d e r s , a n d g o v e r n m e n t m a r k e t i n g o r g a n i z a t i o n s p re fe r t o pu rchase r i ce a n d
m a i z e , a n d n o t l e g u m e s .
M a r k e t i n g o f G r o u n d n u t
T h e f a r m e r s se l l t he i r p r o d u c e t o t rade rs , assemblers , who lesa le rs o r who lesa le r -
re ta i le rs . T rade rs u s u a l l y f u n c t i o n a s m i d d l e m e n w h o v i s i t the f i e l d d u r i n g
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h a r v e s t i n g , a n d b o t h t h e t r a d e r a n d t he f a r m e r agree o n a p r i ce . W i t h the a d v e n t
o f t he K P A a p p r o a c h t o c r o p p r o d u c t i o n , w h e r e g r o u n d n u t i s cons ide red a s o n e o f
t he k e y c o m m e r c i a l c rops , m a r k e t i n g assistance w i l l b e e x t e n d e d t o g r o w e r s '
c o o p e r a t i v e s t h r o u g h s c o u t i n g o f m a r k e t s s o t h a t i n t e r v e n t i o n o f m i d d l e m e n i s
a v o i d e d .
Technologies U s e d to I m p r o v e Product iv i ty
T e c h n o l o g y d e v e l o p m e n t o n g r o u n d n u t i s m a i n l y the conce rn o f the n a t i o n a l
research agenc ies a n d r e g i o n a l R a n d D i n s t i t u t i o n s w h e r e g r o u n d n u t i s one o f
t h e i r m a j o r c o m m o d i t y respons ib i l i t i es . C r o p i m p r o v e m e n t has been concen t ra ted
m a i n l y a t t h e n a t i o n a l c rops research centers because o f t he i r expe r t i se , l i n kages ,
a n d access t o g e r m p l a s m f r o m i n t e r n a t i o n a l i n s t i t u t i o n s . R e g i o n a l research
centers a lso h a v e access t o i n t e r n a t i o n a l g e r m p l a s m b u t the a c q u i r e d ma te r i a l s are
l i m i t e d t o f i e l d t es t i ng .
Techno log ies d e v e l o p e d b y n a t i o n a l research centers are m a d e ava i l ab le t o
o t h e r agenc ies a f te r t h e research a n d d e v e l o p m e n t r e v i e w s c o n d u c t e d b y the
P h i l i p p i n e s C o u n c i l f o r A g r i c u l t u r e , Forest ry , a n d N a t u r a l Resources Research
a n d D e v e l o p m e n t . These techno log ies are tes ted i n v a r i o u s l oca t i ons i n the
r e g i o n s b y research agenc ies m a n d a t e d t o c o n d u c t t e c h n o l o g y a d a p t a t i o n , a n d
v e r i f i c a t i o n t o e v a l u a t e l o c a t i o n spec i f i c i t y a n d app rop r i a t eness o f t he techno logy .
I n t he p i l o t i n g a n d t e c h n o l o g y c o m m e r c i a l i z a t i o n stages ( p r e - p r o d u c t i o n
phase ) , t he t e c h n o l o g y c o m p o n e n t s w h i c h h a v e the h i ghes t i m p a c t o n p r o d u c t i o n
are a s s e m b l e d i n t o a p a c k a g e o f t e c h n o l o g y (POT) . T h i s P O T i s tes ted aga ins t the
f a r m e r s ' p r a c t i c e a n d i t i s a lso a t t h i s s tage w h e r e s u p p o r t serv ices ( i n c l u d i n g a 
seed s u p p o r t s y s t e m , o t h e r t e c h n o l o g y i n p u t s , ex tens ion , c red i t , m a r k e t , p o s t
h a r v e s t f ac i l i t i es , a n d m a c h i n e r y s u p p o r t ) are assessed as t o t he i r c o n t r i b u t i o n t o
t h e a d o p t i o n o f t he techno logy . D u r i n g the c o m m e r c i a l i z a t i o n phase , a m o n i t o r i n g
a n d e v a l u a t i o n s c h e m e i s set u p t o d e t e r m i n e the i m p a c t o f t he t e c h n o l o g y o n
f a r m e r s , a n d t h e e x t e n t o f a d o p t i o n a n d s u s t a i n a b i l i t y o f t he p r o d u c t i o n a n d
s u p p o r t sys tems .
Publ ica t ions o n G r o u n d n u t Technologies
1 . P h i l i p p i n e s r e c o m m e n d s f o r g r o u n d n u t .
2 . C a g a y a n t e c h n o g u i d e f o r g r o u n d n u t .
3 . P h i l i p p i n e Seed B o a r d seed ca ta logue , 1993.
4 . F a r m m e c h a n i z a t i o n t echno log ies f o r g r o u n d n u t d e v e l o p e d b y D A - R e g i o n 02.
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The Status of Technologies Used to Achieve
High Groundnut Yield in Thailand
Sanun Jogloy1 and Tugsina Sansayawichai2
Abstract
G r o u n d n u t (Arachis hypogaea L.) i s the m a j o r f o o d l e g u m e a n d o i l c r o p o f T h a i l a n d .
O v e r 100 000 hectares are p l a n t e d t o g r o u n d n u t a n n u a l l y To ta l a n n u a l p r o d u c t i o n
is a p p r o x i m a t e l y 140 000 t , a n d 1.4 t ha - 1 is es t ima ted as the n a t i o n a l average y i e l d .
T h e g r o u n d n u t c r o p i s gene ra l l y g r o w n i n u p l a n d areas i n the r a i n y season b y
m o n o c r o p p i n g a n d d o u b l e c r o p p i n g . T h e c r o p i s also s o w n f o l l o w i n g r i ce (Oryza
sativa L.) i n t he d r y season w h e n i r r i g a t i o n i s ava i lab le .
Techno log ies u s e d t o ach ieve h i g h g r o u n d n u t y i e l d are i m p r o v e m e n t o f
c u l t i v a r s , a n d c r o p m a n a g e m e n t pract ices. A t present , s ix g r o u n d n u t c u l t i v a r s
h a v e b e e n re leased. T w o o f t h e m are Spanish w i t h m e d i u m seed s ize, n a m e l y
T a i n a n 9 a n d K h o n K a e n 60 -1 . F o u r c u l t i v a r s are b o i l i n g t y p e g r o u n d n u t , S K 38,
L a m p a n g , K h o n K a e n 60-2, a n d K h o n K a e n 4 . A large-seeded V i rg in ia t y p e
c u l t i v a r , K h o n K a e n 60-3, has been i n t r o d u c e d fo r f a rmers . Severa l c u l t u r a l
p rac t i ces h a v e b e e n r e c o m m e n d e d . T h e three s o w i n g t imes are ea r l y r a i n y season
( m i d A p r - M a y ) , la te r a i n y season ( Ju l -Aug) a n d d r y season (Dec-Jan). L a n d
s h o u l d be t i l l e d 2-3 t i m e s up to 20 cm d e p t h . P lan t spac ing o f 30-60 cm x 10-20 cm
i s r e c o m m e n d e d d e p e n d i n g o n t i m e o f s o w i n g , l o c a t i o n , a n d cu l t i va r . H a n d
w e e d i n g a t 15 a n d 30 d a y s af ter s o w i n g i s r e c o m m e n d e d . A p p l i c a t i o n o f a lach lo r
h e r b i c i d e i s a lso r e c o m m e n d e d fo r p reemergence t rea tment . Fer t i l i ze r (18 k g o f N ,
24.5 kg o f P a n d 30.7 kg o f K ha - 1 ) i s a p p l i e d p r i o r t o s o w i n g . H i l l i n g up i s d o n e a t
10 d a y s a f te r f lower ing. G y p s u m as a source of Ca is also a p p l i e d j us t be fo re
h i l l i n g u p . Pest ic ides are a lso sugges ted fo r c o n t r o l o f insect pests. P rope r p o d
d r y i n g i s a lso r e c o m m e n d e d af ter h a r v e s t i n g t o reduce m y c o t o x i n c o n t a m i n a t i o n .
S m a l l m a c h i n e s h a v e been d e v e l o p e d fo r s t r i p p i n g , a n d she l l i ng .
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Introduction
G r o u n d n u t (Arachis hypogea L.) i s t he m a j o r f o o d l e g u m e a n d o i l c r o p o f T h a i l a n d .
T h e c r o p , o v e r 100 000 h a s o w n a n n u a l l y , i s g r o w n b y s m a l l f a rme rs i n a l l pa r t s o f
t he c o u n t r y w i t h t he m a j o r g r o w i n g areas i n the N o r t h a n d N o r t h e a s t reg ions .
T o t a l a n n u a l p r o d u c t i o n i s a p p r o x i m a t e l y 140 000 tons , a n d the e s t i m a t e d n a t i o n a l
a v e r a g e y i e l d i s 1400 k g ha - 1 . T h e c r o p i s g e n e r a l l y g r o w n i n u p l a n d areas i n the
r a i n y season as a m o n o c r o p a n d i n t e r c r o p .
T h i s p a p e r r e p o r t s r e c o m m e n d e d g r o u n d n u t va r ie t i es a n d t he i r d u r a t i o n s ,
i n p u t s , a v a i l a b i l i t y o f c red i t , ex ten t o f m e c h a n i z a t i o n , c r o p p i n g pa t t e rns , c u l t u r a l
p rac t i ces , p r o d u c t i o n cons t ra i n t s , m a r k e t i n g , a n d techno log ies u s e d t o i m p r o v e
p r o d u c t i v i t y o f g r o u n d n u t i n T h a i l a n d .
Variet ies a n d Seeds
A t p resen t , seven g r o u n d n u t c u l t i v a r s h a v e been re leased. T w o o f t h e m are
Span ish t y p e s w i t h m e d i u m - s i z e seed, n a m e l y , T a i n a n 9 a n d K h o n K a e n 60 -1 . F o u r
c u l t i v a r s h a v e b e e n re leased as a b o i l i n g - t y p e g r o u n d n u t : SK 38, L a m p a n g , K h o n
K a e n 60-2, a n d K h o n K a e n 4 . T h e y are Valenc ia t ypes w i t h l o n g p o d s , 3-4 seeds
p e r p o d a n d exce l len t p o d appearance . O n e cu l t i va r , K h o n K a e n 60-3, w a s
re leased as a l a rge -seeded V i r g i n i a t y p e g r o u n d n u t a n d has seeds a b o u t t w i c e as
b i g a s t he o t h e r re leased c u l t i v a r s . H o w e v e r , t he c r o p d u r a t i o n o f th i s c u l t i v a r i s
l o n g e r t h a n t hose o f Span ish a n d Valenc ia t ypes . T h e c r o p d u r a t i o n o f K h o n K a e n
60-3 i s 115-120 d a y s w h i l e t h e c r o p d u r a t i o n o f t he o the r va r ie t i es i s a p p r o x i m a t e l y
95-100 d a y s . G r o u n d n u t seed p r o d u c t i o n i s d o n e b y g o v e r n m e n t agencies (Seed
M u l t i p l i c a t i o n Cen te rs ) . U s u a l l y f a r m e r s get g r o u n d n u t seed f r o m s h e l l i n g
fac to r ies . I n s o m e cases, seeds are e x c h a n g e d b e t w e e n r a i n y season g r o w e r s a n d
d r y season g r o w e r s .
B r e e d e r ' s seed i s p r o d u c e d b y t he D e p a r t m e n t o f A g r i c u l t u r e w h i l e c e r t i f i e d
seed i s p r o d u c e d b y Seed M u l t i p l i c a t i o n Cen te rs o f the D e p a r t m e n t o f
A g r i c u l t u r a l E x t e n s i o n a n d d i s t r i b u t e d t o f a r m e r s . A seed p r o d u c t i o n p l a n i s
f o l l o w e d t o e n s u r e h i g h q u a l i t y seeds, a n d genet ic p u r i t y i s m a i n t a i n e d b y f i e l d
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i n s p e c t i o n t o r e m o v e o f f - t y p e p lan t s . H e a l t h y b o l d p o d s are h a n d - p i c k e d f r o m t h e
h a r v e s t e d p l a n t s f o r seed p u r p o s e s . T h e seed-pods are t h o r o u g h l y d r i e d f o r 7-10
d a y s by s p r e a d i n g i n a t h i n laye r on n y l o n ne t u n t i l a seed m o i s t u r e con ten t o f
4 - 5 % i s reached . I n e r t ma t te r , seeds o f o the r c rops , a n d w e e d seeds are d i s c a r d e d .
A f t e r d r y i n g a n d c l e a n i n g , the p o d s t h e n are s to red i n g u n n y bags u n d e r a m b i e n t
c o n d i t i o n s by f a r m e r s o r i n a c o l d r o o m (15-20°C, 50-60% R H ) a t the Seed
M u l t i p l i c a t i o n Center . T h e seed-pods have been f o u n d to h a v e a g o o d
g e r m i n a t i o n pe rcen tage (70%) e v e n af ter 4 m o n t h s u n d e r a m b i e n t c o n d i t i o n s o r
a f te r 1 8 m o n t h s i n c o l d r o o m c o n d i t i o n s . Farmers she l l the seed-pods b y h a n d o r
by h a n d - o p e r a t e d she l le r 2-3 days be fo re s o w i n g . Seed t rea tmen t w i t h V i t avax® a t
3 g kg - 1 seed is r e c o m m e n d e d to c o n t r o l seed l i ng b l i g h t (=co l la r ro t ) diseases
c a u s e d by Aspergillus niger. 
I n p u t s
L i m e a n d Fert i l izers
Genera l l y , l i m e a t the ra te o f 625-1875 kg ha - 1 i s r e c o m m e n d e d fo r p r e - p l a n t i n g
a p p l i c a t i o n i n so i ls w i t h l o w p H ( p H < 5.5). N o r m a l l y the o p t i m u m so i l p H fo r
g r o u n d n u t ranges f r o m 5.5-6.5 ( K e e r a t i - K a s i k o r n a n d Ratanara t 1993). U n d e r
o p t i m a l pH c o n d i t i o n s , n u t r i e n t s are ava i lab le fo r the c rop . For a so i l w h i c h has P 
<8 mg kg - 1 a n d K <30 kg ha - 1 , a p p l i c a t i o n of 18 kg N ha - 1 , 24.5 kg P ha - 1 a n d 30.7
kg ha - 1 o f K i s r e c o m m e n d e d p r i o r to p l a n t i n g ( K e e r a t i - K a s i k o r n a n d Ra tanara t
1993).
Ca i s a lso n e e d e d f o r p o d d e v e l o p m e n t . Lack o f Ca causes e m p t y p o d s (pops )
a n d s h r i v e l l e d seeds. So, l i m e (625-1875 kg ha - 1 ) o r g y p s u m (300-600 kg ha - 1 ) as a 
source o f Ca i s i n c o r p o r a t e d a t the p e g g i n g stage. I n soi ls w i t h b o r o n de f i c iency (<
0.12 mg kg - 1 ) the i n n e r faces o f the co t y l edons are depressed a n d d i sco lo red . T h i s
is c lass i f ied as a f o r m o f i n t e r n a l d a m a g e ca l led ' h o l l o w hear t ' (Cox e t a l . 1982).
A p p l i c a t i o n of B at the ra te of 0.25-0.5 kg ha - 1 is r e c o m m e n d e d fo r soi ls w i t h B 
d e f i c i e n c y a n d i s best a p p l i e d a t the f l o w e r i n g / p e g g i n g stage, m i x e d w i t h
g y p s u m .
Insecticides
Insects o f e c o n o m i c i m p o r t a n c e in g r o u n d n u t are leaf m i n e r (Aproaerema 
modicella=Biloba subsecivella), a p h i d (Aphis craccivora), t h r i p s (Frankliniella spp.), 
b o l l w o r m (Helicoverpa armigera) a n d sub te r ranean an t (Dorylus orientalis). Lea f
m i n e r , a p h i d , a n d t h r i p s d a m a g e the g r o u n d n u t c r o p f r o m the seed l i ng stage t o 3 0
d a y s a f te r s o w i n g . C a r b o f u r a n 3% G (Furadan®) a t the ra te o f 18-31 kg ha - 1 , i s
a p p l i e d p r i o r t o s o w i n g , o r m o n o c r o t o p h o s ( N u v a c r o n ® ) i s s p r a y e d t o c o n t r o l
these insects . B o l l w o r m d a m a g e s the leaves f r o m f l o w e r i n g t o the p o d
d e v e l o p m e n t stage. Sys temic insec t i c ides , s u c h as m o n o c r o t o p h o s ( N u v a c r o n ® ) ,
are e f fec t i ve t o c o n t r o l b o l l w o r m ( K e e r a t i - K a s i k o r n 1985). Sub te r ranean ants
d a m a g e y o u n g seeds a n d p o d s . C a r b o f u r a n 3 % G , a t the ra te o f 18-31 k g ha - 1 , i s
r e c o m m e n d e d f o r c o n t r o l l i n g an ts a t t he p e g g i n g stage.
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Fungic ides
T h e i m p o r t a n t d iseases o f g r o u n d n u t i n T h a i l a n d are r u s t (Puccinia arachidis), la te
lea f s p o t (Phaeoisariopsis personata), e a r l y leaf s p o t (Cercospora arachidicola), a n d
s e e d l i n g b l i g h t (Aspergillus niger). Y i e l d losses caused by r u s t a n d leaf spo ts r a n g e
f r o m 20 -80% ( W o n g k a e w 1985). B e n o m y l (Benlate®) a n d c h l o r o t h a l o n i l (Dacon i l® )
a t e v e r y 7-14 d a y s f r o m f l o w e r i n g t o t he p o d d e v e l o p m e n t s tage are
r e c o m m e n d e d t o c o n t r o l f o l i a r d iseases. S e e d l i n g b l i g h t causes y i e l d losses o f u p
t o 5 0 % . Seed t r e a t m e n t w i t h t e t r a m e t h y l t h i u r a m d i s u l f i d e ( T h i r a m ® ) i s
r e c o m m e n d e d t o c o n t r o l t h i s d isease.
H e r b i c i d e s
Y i e l d losses d u e t o w e e d s r a n g e f r o m 30-70% ( R a k k l a 1993). W e e d i n g i s u s u a l l y
d o n e t w i c e , f i r s t a t 15 d a y s a n d second a t 30-35 d a y s a f ter s o w i n g . W h e r e l a b o r i s
scarce a n d e x p e n s i v e , use o f he rb i c i des i s e f fec t i ve t o c o n t r o l w e e d s . L a c h l o r
(Lasso®) 3-4 L a. i . ha - 1 is s p r a y e d i m m e d i a t e l y a f ter s o w i n g . F o m e s a f a n (F lex®) ,
f o r b r o a d - l e a f e d w e e d s , a n d h a l o x e f o p - e t h o x y e t h y l (Ga l lan t®) , f o r grasses are
r e c o m m e n d e d as p o s t e m e r g e n c e t r ea tmen ts .
I r r i g a t i o n
M o s t f a r m e r s g r o w g r o u n d n u t u n d e r r a i n f e d c o n d i t i o n s i n u p l a n d areas. T h e
y i e l d a n d q u a l i t y o f g r o u n d n u t are d e p e n d a n t o n the a m o u n t a n d d i s t r i b u t i o n o f
r a i n . I r r i g a t i o n i s n e e d e d i f t he c r o p i s h i t b y d r o u g h t w i t h i n 30-60 d a y s f r o m
s o w i n g ( S a n s a y a w i c h a i 1993). I n t he p a d d y f i e l ds , w h e n g r o u n d n u t i s g r o w n
f o l l o w i n g r i ce , i r r i g a t i o n i s n e e d e d e v e r y 7-14 d a y s t h r o u g h o u t c r o p d u r a t i o n t o
ge t h i g h y i e l d s .
A v a i l a b i l i t y o f Cred i t
U s u a l l y , t o a v o i d r i s k s , g r o u n d n u t f a r m e r s are r e l u c t a n t t o i n v e s t i n i n p u t s f o r
p r o d u c t i o n because o f p r i c e f l u c t u a t i o n s a n d l o w pr i ces . O n l y s m a l l a m o u n t s are
s p e n t o n i n p u t s a n d t he m a j o r sources o f f a r m e r s ' f i nance are t he v i l l a g e
m e r c h a n t s a n d o w n e r s o f s h e l l i n g fac tor ies . T h e B a n k o f A g r i c u l t u r e a n d
C o o p e r a t i v e s a lso g i ves c r e d i t d i r e c t l y t o f a r m e r s .
Extent o f M e c h a n i z a t i o n
G r o u n d n u t p r o d u c t i o n i s l a b o r i n t ens i ve . A s each f a m i l y g r o w s g r o u n d n u t o n less
t h a n a h a l f hec ta re , s m a l l m a c h i n e s are n e e d e d f o r p r o d u c t i o n . A m a n u a l l y
o p e r a t e d shel ter , w i t h a c a p a c i t y o f 60-80 k g h - 1 , e f f ec t i ve l y she l ls p o d s t o p r o v i d e
seed f o r p l a n t i n g , a n d a s i m p l e p e d a l o p e r a t e d g r o u n d n u t s t r i ppe r , w i t h a 
c a p a c i t y t o s t r i p p o d s o f 18-24 k g h - 1 , i s r e c o m m e n d e d f o r s m a l l h o l d i n g s . O t h e r
tasks are d o n e m a n u a l l y o r w i t h a n i m a l s .
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C r o p p i n g Patterns
U p l a n d Areas
S i x t y p e r c e n t o f g r o u n d n u t i s s o w n i n u p l a n d areas (Table 1). T h e p r o d u c t i o n i s
d i v i d e d i n t o th ree c r o p p i n g pa t te rns : m o n o c r o p p i n g , d o u b l e c r o p p i n g , a n d
i n t e r c r o p p i n g . I n m o n o c r o p p i n g , f a rmers u s u a l l y g r o w g r o u n d n u t i n the ea r l y
r a i n y season ( M a y - A u g ) , a n d f o r d o u b l e c r o p p i n g , i t i s g r o w n a s the f i rs t c r o p i n
the e a r l y r a i n y season ( M a y - A u g ) o r as the second c r o p f o l l o w i n g m a i z e (Zea 
mays) i n t he la te r a i n y season ( A u g - N o v ) . I n a f e w u p l a n d s areas, g r o u n d n u t i s
i n t e r c r o p p e d w i t h y o u n g r u b b e r trees (Hevea brasiliensis). 
Tab le 1 . G r o u n d n u t g r o w i n g area in var ious cropping systems in T h a i l a n d .
A r e a
U p l a n d
P a d d y f a l l o w s
R i v e r b a n k s
To ta l
C r o p p i n g s y s t e m
M o n o c r o p p i n g
D o u b l e c r o p p i n g
F i rs t c r o p
Second c r o p
I n t e r c r o p p i n g
U n d e r i r r i g a t i o n
W i t h o u t i r r i g a t i o n


























1. Data are from major groundnut production areas only.
P a d d y F ie lds
A b o u t 3 8 % o f g r o u n d n u t i s g r o w n i n the p a d d y f a l l o w s (Table 1). T h e c r o p i s
g e n e r a l l y s o w n i n the d r y season (Jan -Apr ) w i t h i r r i g a t i o n (35%), b u t a s m a l l
p r o p o r t i o n i s g r o w n w i t h o u t i r r i g a t i o n b y u t i l i z i n g r es i dua l so i l m o i s t u r e
f o l l o w i n g the r i ce (Orzya sativa) ha rves t (3%).
R i v e r b a n k s
O n l y 2 % o f g r o u n d n u t i s g r o w n i n the areas a l o n g the r i v e r banks , af ter f l o o d
w a t e r recedes (Table 1). I t i s s o w n i n t he p o s t r a i n y season ( N o v - M a r ) .
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C u l t u r a l practices
T h r e e r e c o m m e n d e d s o w i n g t i m e s are ea r l y r a i n y season ( m i d A p r - M a y ) , la te
r a i n y season (Jul) a n d d r y season (Dec-Jan). L a n d s h o u l d b e t i l l e d 2-3 t i m e s u p t o
10-20 c m d e p t h . I n u p l a n d s , f l a t p l a n t i n g i s u s u a l ( r a i n y season), h o w e v e r , r a i sed
seed-beds are u s e d i n p a d d y f a l l o w s w i t h i r r i g a t i o n d u r i n g t he d r y season
( S a n s a y a w i c h a i 1993). E i t he r w h o l e p o d s o r seeds are u s e d f o r s o w i n g . S o w i n g
w i t h d i f f e r e n t seed sizes does n o t a f fect g e r m i n a t i o n , g r o w t h a n d y i e l d s . T h e seed
i s spaced 30-60 c m b e t w e e n r o w s a n d 10-20 c m b e t w e e n p l a n t s w i t h i n a r o w , a n d
1-2 p l a n t s p e r h i l l . G e n e r a l l y a p o p u l a t i o n r a n g i n g f r o m 150 000-250 000 p l a n t s
h a - 1 i s r e c o m m e n d e d , d e p e n d i n g o n t i m e o f s o w i n g , l o c a t i o n , a n d cu l t i va r . Seeds
are s o w n t o a d e p t h o f 5-7 c m a n d the seed ra te i s 125-150 k g ha - 1 , d e p e n d i n g o n
p l a n t s p a c i n g a n d s ize o f seed. H i l l i n g u p i s d o n e 1 0 d a y s af ter f l o w e r i n g . O t h e r
necessary p rac t i ces i n c l u d i n g i r r i g a t i o n , a n d a p p l i c a t i o n o f f e r t i l i ze rs , he rb i c i des ,
i nsec t i c i des , a n d f u n g i c i d e s h a v e b e e n d i scussed u n d e r ' I n p u t s ' .
T h e p r o p e r s tage o f h a r v e s t i n g i s d e t e r m i n e d b y p u l l i n g o u t a f e w p l a n t s a t
r a n d o m a n d e x a m i n i n g the m a t u r i t y o f t he p o d s (70% p o d s are m a t u r e ) . T h e
p l a n t s are l i f t e d f r o m s o i l a n d t h e n the p o d s are s t r i p p e d b y h a n d o r p e d a l -
o p e r a t e d s t r i ppe r . P o d s are c leaned a n d d r i e d t o b r i n g the m o i s t u r e con ten t t o 9%.
U s u a l l y , f a r m e r s se l l t he i r g r o u n d n u t p o d s w i t h i n 3-4 w e e k s o f h a r v e s t i n g .
U n s h e l l e d p o d s are s t o r e d i n g u n n y bags. P o d s are she l l ed o n l y a w e e k o r t w o
be fo re seeds are r e q u i r e d f o r v a r i o u s uses.
Constraints
T h e a v e r a g e g r o u n d n u t y i e l d o b t a i n e d i n T h a i l a n d i s r e l a t i v e l y l o w c o m p a r e d
w i t h those r e p o r t e d f r o m the U S A a n d the Peop le ' s R e p u b l i c o f C h i n a . T h e m a i n
c o n s t r a i n t s o n y i e l d o f g r o u n d n u t i n T h a i l a n d are p r e s e n t e d i n Table 2 . T h e y
i n c l u d e ab io t i c fac to rs s u c h a s d r o u g h t , l o w so i l f e r t i l i t y , a n d l o w cost o f p r o d u c t .
Severa l b i o t i c fac to rs s u c h as insects , d isease, a n d w e e d s a lso c o n t r i b u t e t o l o w
y i e l d .
M a r k e t i n g
G r o u n d n u t i s s o l d by f a r m e r s as p o d s , a n d a s m a l l pe rcen tage as ke rne ls . U s u a l l y
t he p r o d u c t i s s o l d b y f a r m e r s t o l oca l assemblers , r e g i o n a l assemblers o r s h e l l i n g
fac to r ies . Sp l i t , b r o k e n , a n d d iseased ke rne l s are separa ted af ter s h e l l i n g . T h e
she l le rs a lso g r a d e the ke rne l s a n d se l l t o o i l fac to r ies , w h o l e s a l e m e r c h a n t s , a n d a 
s m a l l a m o u n t t o e x p o r t e r s . T h e w h o l e s a l e m e r c h a n t s se l l ke rne ls t o re ta i l
m e r c h a n t s a n d t he r e t a i l m e r c h a n t s se l l ke rne l s t o c o n s u m e r s . T h e m a r k e t i n g o f
t he r a i n y season c r o p i s g e n e r a l l y d u r i n g Sep-Jan w h i l e t ha t o f t he d r y season c r o p
i s M a r - J u n . T h e p r i c e o f t h e r a i n y season c r o p i s l o w e r t h a n tha t o f t he d r y season
c r o p because t h e q u a l i t y o f r a i n y season c r o p i s l o w e r t h a n t h a t o f t he d r y season
c r o p . I n t he p e a k p e r i o d o f m a r k e t i n g (Sep-Oct ) the p r i c e i s m u c h l o w e r t h a n t ha t
o f a n y o t h e r p e r i o d .
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Tab le 2 . Constra in ts to g r o u n d n u t product ion in T h a i l a n d .
C o n s t r a i n t s
D r o u g h t
L o w s o i l f e r t i l i t y
Insects
L e a f m i n e r
A p h i d
T h r i p s
B o l l w o r m
S u b t e r r a n e a n a n t
Diseases
Lea f spo ts
R u s t
S e e d l i n g b l i g h t
W e e d s
Y ie l d losses (%)
*
*




U p t o 32
20-80
*
U p to 50
30-70
* Data not available
Technologies Used to I m p r o v e Productivit ies
C u l t i v a r i m p r o v e m e n t a n d p r o p e r c r o p m a n a g e m e n t are keys t o i m p r o v e d
p r o d u c t i v i t y . T h e N a t i o n a l G r o u n d n u t I m p r o v e m e n t P r o g r a m w a s set u p i n 1983
a n d a c o o r d i n a t e d p r o g r a m b e t w e e n the D e p a r t m e n t o f A g r i c u l t u r e a n d t he
A g r i c u l t u r a l U n i v e r s i t i e s w a s f o r m u l a t e d w i t h the a i m o f c o m b i n i n g e f fo r ts a n d
e f f ec t i ve l y u t i l i z i n g t he s t reng ths o f the ins t i tu tes . Several i m p r o v e d c u l t i v a r s
h a v e b e e n d e v e l o p e d a n d re leased t o f a r m e r s f o r c u l t i v a t i o n b y the D e p a r t m e n t o f
A g r i c u l t u r e .
P r o m i s i n g l i nes w e r e se lected a n d tested i n the s t a n d a r d y i e l d e v a l u a t i o n
s c h e m e i n d i v e r s e g r o w i n g e n v i r o n m e n t s . T h e b e t t e r - p e r f o r m i n g c u l t i v a r s across
the e n v i r o n m e n t s w e r e se lected a n d tested i n f a rme rs ' f ie lds a n d the best c u l t i v a r s
re leased . T a i n a n 9 , S K 38, a n d L a m p a n g h a v e been w e l l a d o p t e d b y t h e f a r m e r s .
T a i n a n 9 i s she l l ed f o r ke rne l s w h i l e SK 38 a n d L a m p a n g are u s e d as f resh p o d s
f o r b o i l i n g . N e w l y re leased c u l t i v a r s , K h o n K a e n 60 -1 , K h o n K a e n 60-2, K h o n
K a e n 60-3 , a n d K h o n K a e n 4 , are c u r r e n t l y b e i n g g r o w n o n l y i n s m a l l areas
because o f l ack o f seed f o r the f a r m e r s , a n d the i r speci f ic adap tab i l i t y .
I m p r o v e m e n t i n p r o d u c t i v i t y c a n a lso b e ach ieved b y i m p r o v e d c r o p
m a n a g e m e n t . Techno log ies a n d i n p u t s h a v e been sugges ted t o g r o w e r s . H o w e v e r ,
a d o p t i o n o f n e w techno log ies i s n o t ex tens ive . A s the p r i ce o f g r o u n d n u t
f l u c t u a t e s w i d e l y f a r m e r s p re fe r t o a v o i d r i sks a n d are re luc tan t t o i nves t i n i n p u t s
f o r p r o d u c t i o n . A l s o , g r o u n d n u t i s cons ide red b y t he g r o w e r s a s a m i n o r c r o p .
S i m i l a r l y , a l t h o u g h techno log ies f o r c o n t r o l o f w e e d s , diseases a n d insects a re
r e c o m m e n d e d t o f a r m e r s the a d o p t i o n o f these techno log ies has been s low.
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The Status of Technologies Used to Achieve
High Groundnut Yields in Vietnam
Ngo The Dan 1 , Nguyen Th i Chinh2 , Tran Nghia2 ,
Phan Lieu3 , Tran Van Lai2 , Nguyen Xuan Hong 2
Abstract
T h e area u n d e r g r o u n d n u t i n V i e t n a m i s 234 000 ha , p r o d u c t i o n i s 259 000 t , a n d
t h e ave rage y i e l d is 1.08 t ha - 1 .
I n N o r t h V i e t n a m , g r o u n d n u t i s g r o w n m o s t l y i n s p r i n g f r o m Feb t o J u n . I n
u p l a n d areas i t i s a lso c u l t i v a t e d i n a u t u m n ( Ju l -Nov ) , m a i n l y t o p r o d u c e seed f o r
t h e s p r i n g - s e a s o n c r o p . I n S o u t h V i e t n a m , g r o u n d n u t i s g r o w n m a i n l y i n the d r y
season ( N o v - M a r ) a f ter r i ce , o r i n the r a i n y season (Jun-Sep) i n t e r c r o p p e d w i t h
m a i z e , m u n g b e a n , o r cassava.
I n N o r t h V i e t n a m , techno log ies u s e d b y fa rmers i n c l u d e : f e r t i l i ze r a p p l i c a t i o n
(30 kg N h a - 1 , 39.3 kg P ha - 1 , 49.8 kg K ha - 1 ) l i m e a p p l i c a t i o n (200 kg ha - 1 as basa l
a p p l i c a t i o n , a n d 200 kg ha - 1 a t the f l ower ing stage); pes t m a n a g e m e n t ; a n d
i r r i g a t i o n . F a r m e r s cons ide r s u c h o the r techno log ies as r h i z o b i a l i n o c u l a t i o n , a n d
c h e m i c a l seed t r e a t m e n t t oo c o m p l i c a t e d t o use, b u t e f for ts are c o n t i n u i n g t o
p o p u l a r i z e these i n e x p e n s i v e pract ices.
I n S o u t h V i e t n a m , techno log ies u s e d b y f a rme rs i n c l u d e : u s i n g Rov ra l® t o t rea t
seed be fo re s o w i n g ; s p r a y i n g g r o w t h - s t i m u l a t o r ( 3 - N = G H ) ; a p p l y i n g su i t ab le
f e r t i l i z e r s ( 3 0 N : 66.4 K : 39.3 P) ; s p r a y i n g A n v i l ® to c o n t r o l f o l i a r d iseases; a n d
s p l i t doses o f b o t h l i m e (400 k g ha - 1 ) a n d n i t r o g e n fe r t i l i ze rs .
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Introduction
G r o u n d n u t i s t h e m o s t i m p o r t a n t l e g u m e c r o p i n V i e t n a m . A t p resen t , g r o u n d n u t
i s w i d e l y u s e d i n v a r i o u s w a y s a s b o t h f o o d a n d feed . I t a lso p l a y s a n i m p o r t a n t
r o l e a s o n e o f t h e m a j o r e x p o r t c o m m o d i t i e s o f V i e t n a m . G r o u n d n u t i s a c r o p w i t h
h i g h e c o n o m i c e f f i c i ency o n d e g r a d e d so i ls , a n d u n d e r r a i n f e d c o n d i t i o n s . I t
c o n t r i b u t e s t o d i v e r s i t y i n p r o d u c t i o n sys tems , e n h a n c e m e n t o f e m p l o y m e n t a n d
i n c o m e - e a r n i n g o p p o r t u n i t i e s f o r f a r m e r s . H o w e v e r , g r o u n d n u t p r o d u c t i o n i n
V i e t n a m rece ives n o i n v e s t m e n t i n i n t e n s i v e c u l t i v a t i o n , a n d g r o u n d n u t y i e l d
r e m a i n s l o w a t a r o u n d 1-1.1 t ha - 1 .
T o i m p r o v e g r o u n d n u t p r o d u c t i o n a n d increase a n n u a l i n c o m e p e r u n i t area, i t
i s necessary t o i d e n t i f y a p p r o p r i a t e p r o d u c t i o n sys tems, p r o m i s i n g techno log ies ,
a n d n e w va r i e t i es .
T h i s r e p o r t descr ibes the m a i n p r o d u c t i o n sys tems, a n d techno log ies u s e d t o
a c h i e v e h i g h y i e l d s i n the f o u r la rgest g r o u n d n u t - g r o w i n g p r o v i n c e s i n t he
c o u n t r y
Background I n f o r m a t i o n
A c c o r d i n g t o t h e G e n e r a l S ta t i s t i ca l O f f i ce (1994), t he area u n d e r g r o u n d n u t w a s
234 000 h a , p r o d u c t i o n w a s 259 000 t a n d ave rage y i e l d w a s 1.08 t ha - 1 f o r the
c o u n t r y (Table 1).
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Source: General Statistical Office, 1994.
G r o u n d n u t p r o d u c t i o n i s d i s t r i b u t e d a m o n g 8 ag roeco log i ca l r eg ions o f
V i e t n a m . O f these, t h e m i d l a n d s , n o r t h - c e n t r a l coast , a n d sou theas t h i g h l a n d s are
i m p o r t a n t a t t h e n a t i o n a l l eve l . Ten k e y g r o u n d n u t - g r o w i n g p r o v i n c e s o c c u p y
58.46% o f t he area a n d 62 .64% o f t he t o t a l p r o d u c t i o n o f t he c o u n t r y . De ta i l s o f t he
m a i n charac te r i s t i cs o f t h e m a j o r g r o u n d n u t - g r o w i n g p r o v i n c e s o f V i e t n a m are
g i v e n i n Tab le 2 .
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H a Bac P r o v i n c e i s l o c a t e d i n n o r t h e r n V i e t n a m (21-22°N). I t be l ongs t o t he
m i d l a n d r e g i o n . N g h e A n P r o v i n c e i s l oca ted i n t he n o r t h - c e n t r a l p a r t o f V i e t n a m
(18-20°N) . I n b o t h H a Bac a n d N g h e A n P r o v i n c e s , g r o u n d n u t i s g r o w n m o s t l y i n
s p r i n g (Feb-Jun) . I n h i g h e l e v a t i o n areas ( m i d l a n d s a n d s l o p i n g areas), i t i s a lso
c u l t i v a t e d i n a u t u m n ( J u l - N o v ) m a i n l y f o r seed p r o d u c t i o n f o r t h e s p r i n g season
c r o p . I n H a Bac P r o v i n c e , a f te r h a r v e s t i n g g r o u n d n u t , a u t u m n r i ce o r s o y b e a n are
g r o w n a n d a f te r t h a t s w e e t p o t a t o o r m a i z e are g r o w n . O n the d e g r a d e d so i ls o f
H a Bac P r o v i n c e , g r o u n d n u t i s t h e c r o p w i t h t he h i g h e s t e c o n o m i c ef f ic iency. I n
N g h e A n P r o v i n c e a f te r h a r v e s t i n g g r o u n d n u t , sesame o r u p l a n d r i ce o r swee t
p o t a t o are g r o w n (Jul -Sep), a n d a f te r t h a t swee t p o t a t o o r m a i z e are g r o w n (Oc t -
D e c ) .
Tay N i n h P r o v i n c e i s l oca ted i n t h e sou theas t h i g h l a n d s o f V i e t n a m (11-12°N)
a n d L o n g A n P r o v i n c e i s l o ca ted i n t he M e k o n g R i v e r De l ta (10-11°N) . B o t h Tay
N i n h a n d L o n g A n h a v e a t r o p i c a l m o n s o o n c l i m a t e w h e r e the r a i n y season i s
f r o m M a y t o O c t a n d t h e d r y season f r o m N o v t o A p r . G r o u n d n u t i s g r o w n
m a i n l y i n t h e w i n t e r - s p r i n g season ( N o v - M a r ) w i t h i r r i g a t i o n , b u t i t c o u l d a lso b e
g r o w n i n s u m m e r (Jun-Oc t ) .
T h e g r o u n d n u t c r o p g r o w n i n t h e d r y season i s i r r i g a t e d , a n d i n gene ra l sub jec t
t o h i g h i n p u t a n d i n t e n s i v e f a r m i n g , s o t ha t h i g h p o d y i e l d s (2-3 t ha - 1 ) are
o b t a i n e d . C o n v e r s e l y , t h e g r o u n d n u t c r o p g r o w n i n t h e r a i n y season i s c o n s i d e r e d
l o w i n p u t , ex tens i ve f a r m i n g , a n d u s u a l l y g i ves a l o w p o d y i e l d (0.7-0.9 t ha - 1 ) . I n
T a y N i n h P r o v i n c e g r o u n d n u t i s g r o w n m o s t l y i n sandy , s a n d y l o a m , a n d a l l u v i a l
g r e y so i l s , w h e r e t h e m a i n r o t a t i o n a l s y s t e m i s g r o u n d n u t - r i c e i n l o w l a n d s , o r
i n t e r c r o p p i n g w i t h m a i z e , m u n g b e a n , cassava o r p e r e n n i a l i n d u s t r i a l c rops s u c h
a s co f fee , o r r u b b e r i n u p l a n d s . I n L o n g A n P r o v i n c e g r o u n d n u t i s g r o w n m o s t l y
i n a c i d s u l p h a t e so i l s i n a r o t a t i o n a l s y s t e m w i t h r i ce . T h e g r o u n d n u t p o d y i e l d o f
L o n g A n P r o v i n c e i s t he h i g h e s t o f a l l g r o u n d n u t - g r o w i n g p r o v i n c e s i n t he
c o u n t r y .
D e t a i l s o f t h e c r o p p i n g p a t t e r n s o f the f o u r la rges t g r o u n d n u t - g r o w i n g
p r o v i n c e s are g i v e n i n F i g u r e 1 .
Technologies U s e d to Ach ieve H i g h G r o u n d n u t Y ie ld
i n N o r t h e r n a n d Southern V i e t n a m
N o r t h e r n V i e t n a m
H a Bac a n d N g h e A n a re t h e t w o la rges t g r o u n d n u t - g r o w i n g p r o v i n c e s o f
n o r t h e r n V i e t n a m . H o w e v e r , u n t i l recen t l y , t h e m a j o r i t y o f f a r m e r s o f H a Bac a n d
N g h e A n P r o v i n c e s s h o w e d l i t t l e i n te res t i n i n v e s t i n g i n i n t e n s i v e c u l t i v a t i o n a n d
p r o m i s i n g t echno log ies . I n t h e pas t , f a r m e r s u s e d w i d e l y ava i l ab l e g r o u n d n u t
va r i e t i es l i k e D o Bac G i a n g , S u T u y e n a n d Sen N g h e A n . H o w e v e r , s ince 1990,
s o m e n e w v a r i e t i e s g i v i n g a 10-20% increase i n y i e l d h a v e b e c o m e ava i l ab le . I n H a
Bac P r o v i n c e V 7 9 v a r i e t y w i t h a 120-125 d a y g r o w i n g p e r i o d has b e e n a d o p t e d
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S o y b e a n
Fal low
Region I = Tanyen , Habac Prov ince
Region I I = Dien C h a u , N g h e An Prov ince
Reg ion III = Tay Ninh Prov ince
Reg ion IV = Long An Prov ince























Tab le 3 . Technologies used fo r p r o d u c i n g g r o u n d n u t a t H a Bac a n d N g h e A n ,
n o r t h e r n V i e t n a m .
T e c h n o l o g y
V a r i e t y
G r o w t h - d u r a t i o n (days )
F e r t i l i z e r s
F a r m y a r d m a n u r e
( t ha - 1 )
U r e a ( k g h a - 1 )
P o t a s s i u m c h l o r i d e
( k g ha - 1 )
S u p e r p h o s p h a t e
( k g ha - 1 )
D r y p o n d m u d
( k g ha - 1 )
L i m e ( k g ha - 1 )
Pes t i c ides
( N o . o f sp rays )
F u n g i c i d e s
( N o . o f sp rays )
I r r i g a t i o n
P o d y i e l d ( k g ha - 1 )
H a Bac P r o v i n c e
T r a d i t i o n a l
p rac t i ces
D o Bac
G i a n g , S u









n o n e
r a i n f e d
970
I m p r o v e d







n o n e
400
3
n o n e
r a i n f e d
1610
N g h e A n P r o v i n c e
T r a d i t i o n a l I m p r o v e d
prac t i ces p rac t i ces





n o n e 200
150 400
n o n e n o n e
200 400
2-3 3 
n o n e 2 
r a i n f e d r a i n f e d
1210 2050
a n d i n N g h e A n P r o v i n c e f a r m e r s are g r o w i n g Sen L a i v a r i e t y w h i c h has a 
d u r a t i o n o f 130-135 d a y s .
M o s t f a r m e r s use seed f r o m t h e i r s p r i n g c r o p f o r t he n e x t s p r i n g c r o p b u t s o m e
f a r m e r s use a u t u m n season g r o u n d n u t seed f o r t he f o l l o w i n g s p r i n g c r o p a s the
seed has h i g h v i a b i l i t y . Seed i s s t o r e d i n c e r a m i c po t s .
Be fo re s o w i n g f a r m e r s a p p l y f a r m y a r d m a n u r e m i x e d w i t h d r y p o n d m u d t o
s o i l . I n o r g a n i c f e r t i l i z e r s w e r e r a r e l y u s e d b y f a r m e r s i n t he past . H o w e v e r , i n
recen t yea rs i n o r g a n i c f e r t i l i z e r s (30N:35P:75K) h a v e b e e n u s e d b y o n e t h i r d o f t he
f a r m e r s i n H a Bac. l i m e a p p l i c a t i o n o f 400 k g ha- 1 has b e e n a d o p t e d b y f a r m e r s a s
i t i s a n e c o n o m i c a l l y e f f i c ien t t echno logy .
T h e f a r m e r s use i nsec t i c i des u p t o th ree t i m e s ( u s u a l l y 1-2 t imes ) t o c o n t r o l
i nsec t pes ts b u t c o n t r o l o f d iseases i s n o t u n d e r t a k e n .
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Groundnut is g rown main ly under rainfed condit ions. However, i r r igat ion can increase
y ie ld by 30-40%. In D ien Chau distr ict , Nghe An Province, the Sen La i variety produced a 
pod y ie ld of 4 t ha -1 in an area of 2000 ha.
In both Ha Bac and Nghe An Provinces, technologies adopted by farmers are: l ime
application, a balanced ratio of N P K , spraying of insecticides, and irr igat ion. Other technol-
ogies such as rhizobial inoculation and seed treatment wi th chemicals are not fo l lowed by
farmers because they consider them too complicated. Details of the traditional and improved
practices fo l lowed by farmers of Ha Bac and Nghe An Provinces are given in Table 3.
Southern Vietnam
Techno log ies u s e d i n b o t h Tay N i n h a n d L o n g A n Prov inces are p resen ted i n
Tab le 4 .
Var ie t i es Ly, G iay , a n d M o k e t , w i t h 85-90 d a y s g r o w t h - d u r a t i o n , are u s e d by a 
m a j o r i t y o f t he f a r m e r s t o s o w i n the d r y season.
F a r m e r s use seed f r o m g r o u n d n u t p o d s g r o w n f o r seeds i n the p r e v i o u s r a i n y
season a n d s to red i n n y l o n sacks. Seeds b o u g h t f r o m the m a r k e t are a lso u s e d .
M o s t f a r m e r s a p p l y c o c o n u t ash u p t o a b o u t 1500 k g h a - 1 a n d v a r i o u s a m o u n t s
o f m a n u r e , i n o r g a n i c f e r t i l i ze r s a n d l i m e . T h e q u a n t i t i e s a p p l i e d d e p e n d o n
Table 4 . Technologies used for p roduc ing g r o u n d n u t in Tay N i n h Province o f
southern V i e t n a m , in the spr ing season.
T e c h n o l o g y c o m p o n e n t
Var ie t i es
G r o w t h d u r a t i o n (days )
Fe r t i l i ze r s ( k g ha - 1 )
C o c o - a s h
U r e a
S u p e r p h o s p h a t e
P o t a s s i u m c h l o r i d e
C o m p o s i t e f e r t i l i ze r s N P K (16:16:8)
L i m e
G r o w t h - s t i m u l a t o r (sprays)
F u n g i c i d e s
Seed t r e a t m e n t w i t h R o v r a l ® 3g kg - 1 seed
A n v i l ® t o c o n t r o l f o l i a r d isease (sprays)
Insec t i c ides
She rpa®, Shergeon®, M e t h y l p a r a t h i o n (sprays)
T r a d i t i o n a l
prac t ices
Ly, G iay ,
M o k e t











I m p r o v e d
prac t i ces
L y , G i a y ,
M o k e t











Note: - = not used, + = used.
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L a n d p r e p a r a t i o n
- P l o w
- H a r r o w
E m e r g e n c e
Seedbed
- Ra ised beds 1.5-10 m w i d e f o r N g h e An P r o v i n c e
- Ra i sed b e d s 0.8-1.0 m w i d e f o r Ha Bac P r o v i n c e
S e e d / h i l l :
l - 2 t i m e s
2-6 t imes
85-100%
- I n N g h e A n m o s t f a r m e r s use s p r o u t e d seeds f o r s o w i n g ( 1 s e e d l i n g / h i l l )
- I n Ha Bac (1 s e e d / h i l l )
Seed l i ngs o r seed are s o w n b y h a n d
S p a c i n g : 20-30 x 10-15 cm
Seed t r e a t m e n t : n o n e
Fe r t i l i ze r s k g h a - 1 :
- Basal a p p l i c a t i o n of 8-10 t of m a n u r e + 35 kg P + 200 kg of l i m e ha - 1
- T o p d r e s s i n g of 30 kg N + 27 kg P ha - 1 at 2-3 leaf s tage
- 200 kg ha - 1 o f l i m e a t f l o w e r i n g s tage
W e e d i n g ( m a n u a l ) :
T h e f i r s t a t 3-4 l e a v e s / m a i n s t e m
T h e s e c o n d a t 6-7 l e a v e s / m a i n s t e m
T h e t h i r d a t 10-15 l e a v e s / m a i n s t e m
H i l l i n g u p : a f te r p e a k f l o w e r i n g
I r r i g a t i o n : b y f u r r o w m e t h o d a t f l o w e r i n g a n d p o d - f i l l i n g stage
Insec t i c ides : M o n i t o r o r m e t h y l p a r a t h i o n 0.2%, w h e n necessary t o c o n t r o l
insec t pests
H a r v e s t i n g : m a n u a l
S to rage: i n ce ram ic p o t s a f te r a i r d r y i n g
V a r i e t y : Sen L a i , V 7 9 , Sen N g h e A n , Bac G i a n g
the f a r m e r s ' s c a p a c i t y t o i nves t . O t h e r i n p u t s , s u c h as insec t i c ides , are u s e d s i n g l y
o r i n a m i x t u r e t o c o n t r o l d e f o l i a t i n g insect pests a n d m o s t f a r m e r s use f u n g i c i d e s
e.g., R o v r a l ® t o c o n t r o l d a m p i n g - o f f d isease, a l t h o u g h n o disease c o n t r o l w a s
u n d e r t a k e n i n t h e pas t .
G r o w t h - s t i m u l a t o r i s a p p l i e d b y f a r m e r s a n d i t increases p o d g r o u n d n u t y i e l d
b y 13-17%, a n d w e e d s a re c o n t r o l l e d b y Ronst ra®.
T h e g r o u n d n u t c r o p i n t h e d r y seasons ( w i n t e r a n d s u m m e r ) i s i r r i g a t e d f r o m
cana ls o r s h a l l o w w e l l s b y t h e f u r r o w m e t h o d ( a n d s p l a s h i n g w a t e r o n t o beds) o r
b y s p r a y i n g ( i n case o f p u m p s ) u s i n g a hose p i p e . De ta i l s o f c u l t u r a l p rac t ices are
s h o w n i n Tables 5 a n d 6 .
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L a n d p r e p a r a t i o n
- P l o w
- H a r r o w
E m e r g e n c e
Seed b e d : Ra ised beds
S p a c i n g :
1-3 t i m e s
2-3 t imes
70 - 100%
1.0 - 3.0 m w i d e
15-20 x 15-20 c m
P l a n t p o p u l a t i o n : 2-3 s e e d s / h i l l = 50 p l a n t / m 2
Fer t i l i ze rs ( k g h a 1 )
- C o c o - a s h
- C o m p o s i t e f e r t i l i ze rs N P K (16:16:8):
- P o t a s s i u m c h l o r i d e
- S u p e r p h o s p h a t e
- U r e a
- L i m e






A l l basa l a p p l i c a t i o n , excep t 5 0 % o f u rea t o p dressed a t 4-5 l e a v e s / m a i n s t e m
a n d 5 0 % o f l i m e t opd ressed a t f l o w e r i n g
W e e d i n g : (2-3 t i m e s b y h a n d )
1:15-30 D A S
I I : 20-50 D A S
I I I : 40-60 D A S
I r r i g a t i o n i s b y f u r r o w m e t h o d (and s p l a s h i n g w a t e r o n t o beds) o r b y
s p r a y i n g ( i n case o f p u m p s ) u s i n g a hose p i p e (10-15 d a y s i n t e r va l )
Insec t i c ides (sprays) : M e t h y l p a r a t h i o n , Sherpa®, Shergeon® to c o n t r o l insect
pests. Insec t i c ides are s p r a y e d i n the e v e n i n g o r n i g h t . T h e f i rs t s p r a y i s d o n e
a t 20 D A S .
Seed t r ea tmen t : R o v r a l ® 3 g kg - 1 seed to c o n t r o l d a m p i n g - o f f
H e r b i c i d e s : Rons t ra® 1 L h a - 1 s p r a y one d a y af ter s o w i n g
G r o w t h - s t i m u l a t o r : B a y f o l a n d ® 0.2%
- f i r s t s p r a y a t 20 D A S
- second s p r a y a t 40 D A S
F u n g i c i d e s : A n v i l ® (0.4%) to c o n t r o l f o l i a r diseases
- f i r s t s p r a y a t 40 D A S
- second s p r a y a t 50-55 D A S
H a r v e s t i n g b y h a n d , c r o p i s w i n d r o w e d 0-7 d a y s be fore s t r i p p i n g
V a r i e t y : Ly , G iay , M o k e t .
Constraints to G r o u n d n u t Production of V i e t n a m
Deta i l s o f cons t ra in t s t o g r o u n d n u t p r o d u c t i o n o f V i e t n a m are g i v e n i n Table 7 .
Recent ly , t o a l l ev ia te s o m e o f these cons t ra in ts to p r o d u c t i o n , the V i e t n a m
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Tab le 7 . Constra ints to g r o u n d n u t p roduc t ion in the m a j o r g r o u n d n u t -
g r o w i n g provinces o f V i e t n a m .
C o n s t r a i n t s
Socioeconomic
L a c k o f cash f o r i n p u t
U n s t a b l e / l o w p r i c e f o r c r o p
L a c k o f d r a i n a g e s y s t e m
L a c k o f i r r i g a t i o n w a t e r
A b i o t i c
P o o r s o i l f e r t i l i t y
D r o u g h t
Biot ic
L a c k o f h i g h - y i e l d i n g va r i e t i es
Lea f e a t e r s / o t h e r insec t pests
So i l b o r n e diseases
Fo l i a r d iseases
Y e l l o w lea f d iseases
Weeds
P r i o r i t y r a n k i n g 1




















































1.1 = high, 2 = intermediate, and 3 = low priority, - = Constraint not identified.
G o v e r n m e n t has b e e n e n c o u r a g i n g g r o u n d n u t g r o w e r s t o i n v e s t i n i n t e n s i v e
f a r m i n g b y a d v a n c i n g f u n d s t o b u y f e r t i l i ze rs , insec t i c ides , a n d f u n g i c i d e s .
M a r k e t i n g
I n V i e t n a m , g r o u n d n u t i s g r o w n m o s t l y f o r e x p o r t (70% o f to ta l p r o d u c t i o n ) t o
S i n g a p o r e , I n d o n e s i a , T h e P h i l i p p i n e s , a n d M a l a y s i a . T h e V i e t n a m G o v e r n m e n t
encou rages f a r m e r s t o p r o d u c e g r o u n d n u t a n d se l l i n the f ree m a r k e t . T h e
p r o d u c t i o n i s s o l d t o p r i v a t e t rade rs a t 65-70% o f the c o n s u m e r ' s p r i ce .
Farmers ' React ion to the I m p r o v e d Technologies
I n t h e f r a m e w o r k o f U N D P / F A O R A S / 8 9 / 0 4 0 a n d I C R I S A T / M A F I
c o l l a b o r a t i o n , t he A s i a G r a i n L e g u m e s O n - f a r m Research ( A G L O R ) p ro jec t has
b e e n i m p l e m e n t e d f r o m e a r l y 1991 t o h e l p V i e t n a m tack le k e y cons t ra in t s t o
g r o u n d n u t p r o d u c t i o n i n t he c o u n t r y . A f t e r th ree years (1991-1993) o f o n - f a r m
research , n e w techno log ies i n g r o u n d n u t p r o d u c t i o n are b e i n g a p p l i e d b y f a r m e r s
a n d t h e y r e g u l a r l y o b t a i n h i g h y i e l d s . T h i s i s o c c u r r i n g n o t o n l y a t the p ro jec t
l o c a t i o n s b u t a lso i n n e i g h b o r i n g p r o v i n c e s s u c h a s T h a n h H o a a n d T h a i B i r th , i n
N o r t h V i e t n a m , w h e r e t h e t echno log ies are b e i n g i m p l e m e n t e d o n a l a rge scale
o v e r h u n d r e d s o f hectares .
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The Status of Technologies Used to Achieve
High Groundnut Yields in Zimbabwe
G L Hildebrand1
Abstract
A b o u t 160 000 h a o f g r o u n d n u t i s g r o w n i n Z i m b a b w e , m o s t l y b y s m a l l h o l d e r
f a r m e r s , a n d m a i n l y f o r h o m e c o n s u m p t i o n . P o d y i e l d s are v e r y l o w , a r o u n d 0.5 t 
ha - 1 . A s m a l l a rea , a b o u t 3000 h a , i s g r o w n o n la rge c o m m e r c i a l f a r m s w h e r e h i g h -
i n p u t t echno log ies h a v e inc reased average p o d y i e l d t o 3-4 t ha - 1 . Es tab l i shed
g r o w e r s ach ieve y i e l d s o f 4-6 t h a - 1 , a n d a reco rd y i e l d o f 9.6 t ha - 1 w a s ach ieved in
t he e a r l y 1970s.
T h e t w o p r o d u c t i o n sys tems are v e r y d i f f e ren t . T h e s m a l l h o l d e r c r o p i s g r o w n
w i t h l o w o r ze ro i n p u t s o n p o o r so i ls i n t he d r i e r areas o f the c o u n t r y , a n d consists
a l m o s t e n t i r e l y o f Span ish c u l t i v a r s . T h e c o m m e r c i a l c r o p i s a l m o s t e n t i r e l y o f
l o n g - d u r a t i o n V i r g i n i a c u l t i v a r s w h i c h are s o w n w i t h i r r i g a t i o n be fo re the onset o f
t he ra i ns . E a r l y s o w i n g has inc reased y i e l d s cons ide rab ly , j u s t i f y i n g h i g h e r i n p u t
leve ls . T h e recent l i b e r a l i z a t i o n o f the Z i m b a b w e e c o n o m y has a l l o w e d t he
d e v e l o p m e n t o f a m a r k e t - d r i v e n e c o n o m y w h i c h s h o u l d i m p r o v e p r o f i t a b i l i t y .
T h e M i n i s t r y o f A g r i c u l t u r e ' s D e p a r t m e n t o f Research a n d Spec ia l is t Serv ices
w a s respons ib l e f o r t h e d e v e l o p m e n t o f m o s t o f the c u r r e n t l y r e c o m m e n d e d
p r o d u c t i o n t e c h n o l o g y , a n d t e c h n o l o g y t rans fe r w a s d o n e m a i n l y b y the
D e p a r t m e n t o f A g r i c u l t u r a l , Techn ica l a n d E x t e n s i o n Serv ices.
1. Seed Co-op Company of Zimbabwe, Rattray Arnold Research Station, P O Box CH 142, Chisipite, Harare,
Zimbabwe
Hildebrand, G.L. 1996. The status of technologies used to achieve high groundnut yields in Zimbabwe. (In En.
Summary in Ch.) Pages 101-114 in Achieving high groundnut yields: proceedings of an international workshop, 25-29
Aug 1995, Laixi City, Shandong, China (Renard, C, Gowda, C.L.L., Nigam, S.N., and Johansen, C. eds.). Patancheru
502 324, Andhra Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics.
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Introduction
Z i m b a b w e va r ies i n a l t i t u d e f r o m 400 m to 2000 m a b o v e sea- leve l , a n d a n n u a l
r a i n f a l l , m o s t o f w h i c h fa l l s d u r i n g the s u m m e r ( N o v t o M a r ) , va r i es f r o m 300 m m
t o o v e r 1800 m m . I n t he m a i n c r o p p i n g area, f r o m 600-1500 m a l t i t u d e , r a i n f a l l
va r i es f r o m 600-1200 m m , b u t the r a i n y season s e l d o m exceeds 130 d a y s . I n m a n y
areas i t i s c o n s i d e r a b l y s h o r t e r
T h e t o t a l area s o w n t o g r o u n d n u t i n Z i m b a b w e i s o f t he o r d e r o f 163 000 ha .
T h e r e are t w o m a i n p r o d u c t i o n sys tems t ha t are v e r y d i f f e ren t . A s m a l l area
( a b o u t 3000 ha ) i s g r o w n w i t h h i g h leve ls o f i n p u t s o n f a r m s i n the La rge Scale
C o m m e r c i a l (LSC) f a r m i n g areas. A n i m p o r t a n t fea tu re o f th i s s y s t e m i s the use o f
s u p p l e m e n t a r y i r r i g a t i o n t o a l l o w l o n g - d u r a t i o n V i r g i n i a c u l t i v a r s t o b e s o w n
b e f o r e t he onse t o f t he ra ins .
T h e r e m a i n d e r o f the c r o p i s g r o w n w i t h o u t i r r i g a t i o n , a n d the re fo re i s
res t r i c t ed t o s h o r t - d u r a t i o n Span ish a n d Valencia c u l t i v a r s . M u c h o f th i s ( a b o u t
140 000 ha) i s g r o w n as a subs is tence c r o p , by peasan t f a r m e r s on c o m m u n a l l y -
o w n e d l a n d k n o w n a s t h e C o m m u n a l F a r m i n g A r e a s ( C F A ) , a n d i s g r o w n w i t h
l i t t l e o r n o i n p u t s . Y ie l ds a re l o w a n d the m a j o r i t y (75%) o f the c r o p i s r e t a i n e d f o r
l oca l c o n s u m p t i o n .
A b o u t 2 0 000 h a i s g r o w n o n l a n d w h e r e f a r m e r s h a v e t e n u r e i n the S m a l l Scale
C o m m e r c i a l (SSC) f a r m i n g sector, a n d i n Rese t t l emen t A reas , w h e r e c o m m u n a l
area f a r m e r s h a v e b e e n a l l oca ted l a n d i n f o r m e r LSC areas. I n these areas, s o m e
i n p u t s are a p p l i e d a n d y i e l d s are s l i g h t l y h igher . A b o u t 3 0 % o f p r o d u c t i o n i s
t r a d e d . A r e a , p r o d u c t i o n , a n d y i e l d d a t a f o r the d i f f e r e n t areas are s h o w n i n
Tables 1 a n d 2.
G r o u n d n u t s c a n b e g r o w n success fu l l y o n a w i d e r a n g e o f so i l t ypes , b u t l i g h t
s a n d y so i ls are f a v o r e d f o r ease o f h a r v e s t i n g . T h e r a i n f e d c r o p i s g r o w n m a i n l y i n
t he d r i e r areas f r o m 500-900 m a l t i t u d e , w h e r e a n n u a l r a i n f a l l va r ies f r o m 300-600
m m . T h e i r r i g a t e d c r o p i s g r o w n m a i n l y i n the h i g h e r a l t i t u d e (900-1500 m ) areas,
w h e r e t he r a i n f a l l i s h i g h e r (600-1200 m m ) .
C o m m u n a l area g r o u n d n u t c rops are g r o w n m a i n l y t o s u p p l e m e n t the s tap le
f o o d , m a i z e , f o r h o u s e h o l d f o o d secur i ty . N o d e f i n i t e r o t a t i o n pa t t e rns are
f o l l o w e d , m a i n l y because o f f a r m s ize , a n d g r o u n d n u t s o w i n g u s u a l l y f o l l o w s
t h a t o f m a i z e a n d a n y o t h e r cash c rops t ha t m a y b e g r o w n . I n the c o m m e r c i a l
sector, g r o u n d n u t s are g r o w n i n r o t a t i o n w i t h m a i z e a n d tobacco, m a i n l y o n t h e
l i g h t e r s a n d y so i ls . T h e t o ta l c r o p i s m a r k e t e d t h r o u g h the f o r m a l sector, a n d s o m e
i s e x p o r t e d t o E u r o p e f o r c o n f e c t i o n e r y p u r p o s e s .
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Tab le 1 . G r o u n d n u t p roduc t ion (commerc ia l ) , i n Z i m b a b w e 1969-1995.
Year
1 9 6 9 / 7 0
1 9 7 0 / 7 1
1 9 7 1 / 7 2
1 9 7 2 / 7 3
1 9 7 3 / 7 4
1 9 7 4 / 7 5
1 9 7 5 / 7 6
1 9 7 6 / 7 7
1 9 7 7 / 7 8
1 9 7 8 / 7 9
1 9 7 9 / 8 0
1 9 8 0 / 8 1
1 9 8 1 / 8 2
1 9 8 2 / 8 3
1 9 8 3 / 8 4
1 9 8 4 / 8 5
1 9 8 5 / 8 6
1 9 8 6 / 8 7
1 9 8 7 / 8 8
1 9 8 8 / 8 9
1 9 8 9 / 9 0
1 9 9 0 / 9 1
1 9 9 1 / 9 2
1 9 9 2 / 9 3
1 9 9 3 / 9 4
1 9 9 4 / 9 5 1


















































































2. Irrigated area began increasing about this time.
Product ion Systems
S u p p l e m e n t a r y I r r iga ted G r o u n d n u t Product ion System
I n t he m a i n c r o p p i n g area o f Z i m b a b w e , the season l e n g t h o f V i rg in ia g r o u n d n u t s
va r i es f r o m 150 t o 190 d a y s d e p e n d i n g o n a l t i t u d e . T h i s p rec l udes the g r o w i n g o f
these c u l t i v a r s u n d e r r a i n f e d c o n d i t i o n s . H o w e v e r , there i s a d e m a n d , b o t h
overseas a n d loca l l y , f o r V i r g i n i a g r o u n d n u t s f o r con fec t i one ry use, as t h e y
p r o d u c e l a rge seed o f sa t i s fac to ry qua l i t y .
E a r l y research i n Z i m b a b w e ( M e t e l e r k a m p 1967) s h o w e d tha t e x t e n d i n g the
g r o w i n g season b y u s i n g i r r i g a t i o n t o a l l o w s o w i n g be fo re t he onse t o f t h e r a i n y
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T a b l e 2 . G r o u n d n u t p r o d u c t i o n ( c o m m u n a l areas), i n Z i m b a b w e , 1969-1995.
Year
1 9 6 9 / 7 0
1 9 7 0 / 7 1
1 9 7 1 / 7 2
1 9 7 2 / 7 3
1 9 7 3 / 7 4
1 9 7 4 / 7 5
1 9 7 5 / 7 6
1 9 7 6 / 7 7
1 9 7 7 / 7 8
1 9 7 8 / 7 9
1 9 7 9 / 8 0
1 9 8 0 / 8 1
1 9 8 1 / 8 2
1 9 8 2 / 8 3
1 9 8 3 / 8 4
1 9 8 4 / 8 5
1 9 8 5 / 8 6
1 9 8 6 / 8 7
1 9 8 7 / 8 8
1 9 8 8 / 8 9
1 9 8 9 / 9 0
1 9 9 0 / 9 1
1 9 9 1 / 9 2
1 9 9 2 / 9 3
1 9 9 3 / 9 4
1 9 9 4 / 9 5 1


















































































Source: Ministry of Agriculture, Crop Forecast Committee.
season, a n d s u p p l e m e n t i n g r a i n f a l l thereaf ter , r e s u l t e d i n h i g h y i e l d s a n d
e n h a n c e d c o n f e c t i o n e r y q u a l i t y T h e h i g h leve ls o f r a d i a t i o n a n d t e m p e r a t u r e
d u r i n g O c t o b e r a n d N o v e m b e r are b e l i e v e d t o c o n t r i b u t e m a r k e d l y t o the h i g h
y i e l d s o b t a i n e d ( W i l l i a m s e t a l . 1978). T h e y i e l d s o b t a i n e d s h o w e d p o t e n t i a l f o r
g r e a t l y i m p r o v e d p r o f i t a b i l i t y a n d the d e s i r a b i l i t y o f r a i s i n g t h e l eve l o f i n p u t use.
T h i s t e c h n o l o g y w a s e v a l u a t e d o n - f a r m i n t he 1971 /72 g r o w i n g season, a n d ,
w i t h f u r t h e r r e f i n e m e n t , w a s a d o p t e d b y a n u m b e r o f f a r m e r s i n t he 1 9 7 2 / 7 3
g r o w i n g season. I n 1 9 7 3 / 7 4 a n d 1 9 7 4 / 7 5 p o d y i e l d s o f 9600 k g h a - 1 w e r e a c h i e v e d
b y a f a r m e r g r o w i n g t he c u l t i v a r M a k u l u R e d ( S m a r t t 1994). These w e r e
e x c e p t i o n a l y i e l d s , h o w e v e r , a n d h a v e n o t b e e n a c h i e v e d s ince.
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S t a t e - c o n t r o l l e d g r o u n d n u t p r i ces h a v e inc reased , s ince 1980, f r o m Z$420 t o
2500, b u t w i t h h i g h i n f l a t i o n rates a n d d e v a l u a t i o n , t h i s equates , i n U S $ t e r m s , t o a 
d e c l i n e f r o m $490 t o $300. To ta l v a r i a b l e cost o f p r o d u c t i o n m e a n w h i l e , has
inc reased f r o m Z$800 ha - 1 (US$860) to Z$6300 (US$750), b u t has r e m a i n e d
r e l a t i v e l y s ta t i c i n U S $ t e r m s . As a resu l t , c o m m e r c i a l s o w i n g s h a v e r e m a i n e d a t a 
l o w l e v e l Recent l i b e r a l i z a t i o n o f the e c o n o m y o f Z i m b a b w e has l e d t o t he d e -
c o n t r o l o f a n u m b e r o f a g r i c u l t u r a l c o m m o d i t i e s , a n d a r e n e w e d in te res t i n
g r o u n d n u t p r o d u c t i o n , m a i n l y f o r t he e x p o r t c o n f e c t i o n e r y m a r k e t .
Varieties
L o n g - d u r a t i o n c u l t i v a r s h a v e b e e n g r o w n i n Z i m b a b w e s ince t he 1950s, b u t y i e l d s
w e r e g e n e r a l l y l o w . O n l y w i t h t he a d v e n t o f i r r i g a t i o n d i d the g r o w i n g o f l o n g -
d u r a t i o n c u l t i v a r s b e c o m e feas ib le .
M a k u l u R e d , d e v e l o p e d i n Z a m b i a (Smar t t 1978), w a s f i rs t g r o w n i n Z i m b a b w e
i n 1960 a n d r e p l a c e d V i r g i n i a B u n c h . A l t h o u g h s t i l l g r o w n i n s m a l l q u a n t i t y ,
M a k u l u R e d w a s s u p e r s e d e d b y t he release o f Eg re t i n 1974 ( H i l d e b r a n d 1975),
a n d F l a m i n g o , a r ed -seeded c u l t i v a r w i t h i m p r o v e d c o n f e c t i o n e r y qua l i t y , i n 1982
( H i l d e b r a n d 1983a). F l a m i n g o i s t h e m a i n c u l t i v a r g r o w n s ince H e r o n , re leased i n
1992 (Z . A . C h i t e k a , U n i v e r s i t y o f Z i m b a b w e , H a r a r e . Persona l c o m m u n i c a t i o n ) ,
has n o t p r o v e d v e r y p o p u l a r w i t h E u r o p e a n b u y e r s a n d processors .
T h e Seed C o - o p C o m p a n y o f Z i m b a b w e has a b i p a r t i t e ag reemen t w i t h t h e
G o v e r n m e n t o f Z i m b a b w e t o m u l t i p l y a n d c o m m e r c i a l i z e g r o u n d n u t c u l t i v a r s
d e v e l o p e d b y the N a t i o n a l A g r i c u l t u r a l Research S y s t e m ( N A R S ) . F l a m i n g o ,
d e v e l o p e d b y t he N A R S b r e e d i n g p r o g r a m , i s c u r r e n t l y i n c l u d e d i n t he Seed C o -
o p c e r t i f i e d seed s c h e m e a n d F o u n d a t i o n A , F o u n d a t i o n B , a n d C e r t i f i e d seed i s
g r o w n o n con t rac t b y c o m m e r c i a l f a r m e r s . Seed i s ava i l ab le f r o m the Seed C o - o p
o r i t s a p p o i n t e d agents .
Inputs
Fert i l i zers . G r o u n d n u t s u s u a l l y r e s p o n d be t te r t o r es i dua l so i l f e r t i l i t y f o l l o w i n g
a w e l l f e r t i l i z e d c r o p t h a n t o d i r e c t l y a p p l i e d fe r t i l i ze r . O n c o m m e r c i a l f a r m s
g r o u n d n u t s are u s u a l l y r o t a t e d w i t h w e l l f e r t i l i z e d c rops s u c h a s m a i z e a n d
tobacco a n d the re fo re , o n l y a basa l d r e s s i n g o f f e r t i l i ze r i s r e c o m m e n d e d .
G y p s u m i s r e c o m m e n d e d i n t w o a p p l i c a t i o n s o f 200 k g h a - 1 each, a p p l i e d a t 8 a n d
12 w e e k s a f te r s o w i n g .
A l t h o u g h pas t research has s h o w n s m a l l a n d i ncons i s ten t responses t o t he use
o f Bradyrhizobium i n o c u l a n t , i t i s m a n u f a c t u r e d l o c a l l y a n d s u p p l i e d a t l o w cost ,
a n d t he re fo re i s r e c o m m e n d e d a s a n i n e x p e n s i v e i nsu rance .
H e r b i c i d e s . U s e o f p r e - a n d pos temergence he rb i c i des , t o c o n t r o l grass a n d
b r o a d l e a f w e e d s , i s c o m m o n p rac t i ce .
Pesticides. T h e t w o m o s t i m p o r t a n t f o l i a r d iseases o f i r r i g a t e d c rops , e a r l y lea f
s p o t (Cercospora arachidicola) a n d w e b b l o t c h (Phoma arachidicola), are respons ib le
f o r y i e l d losses o f 30 -50%. C u r r e n t r e c o m m e n d a t i o n s are t o a p p l y c h l o r o t h a l o n i l
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(6-7 a p p l i c a t i o n s at 7-14 d a y i n t e r v a l s of B r a v o 500®, at 2.0-2.5 L ha - 1 in 300 L ha - 1
o f w a t e r ) , o r t e b u c o n a z o l e (3-5 a p p l i c a t i o n s a t 10-14 d a y i n t e r v a l s o f Fo l i cu r® 250
E C , a t 500 m l ha - 1 i n 300-500 L ha- 1 o f w a t e r ) .
Recen t research has c o n f i r m e d resu l ts o b t a i n e d i n M a l a w i a n d Z a m b i a , t ha t
f e w e r s t r a t e g i c a l l y t i m e d a p p l i c a t i o n s are e c o n o m i c a l l y feas ib le . C o l e (1994)
s h o w e d t h a t a r e d u c t i o n i n t h e n u m b e r o f f u n g i c i d e a p p l i c a t i o n s , f r o m the
p r e v i o u s l y r e c o m m e n d e d 6 , t o 3 r e s u l t e d i n r e l a t i v e l y s m a l l r e d u c t i o n s i n y i e l d ,
b u t r e d u c e d i n p u t costs c o n s i d e r a b l y Occas iona l l y , g r e y m o l d (Botrytis cinerea) 
m a y occur , p a r t i c u l a r l y i n w e t seasons, a n d th is m a y b e c o n t r o l l e d w i t h
t e b u c o n a z o l e o r by s p o t s p r a y s o f b e n o m y l (Benlate® 50WP, a t 10 g L - 1 ) .
Insects are o f r e l a t i v e l y m i n o r i m p o r t a n c e , b u t a p h i d s a n d the s a p - s u c k i n g
g r o u n d n u t h o p p e r , H i l d a (Hilda patruelis), are t he m o s t c o m m o n . E a r l y s o w i n g
a n d use o f o p t i m u m p l a n t d e n s i t y h a v e resu l t ed i n v e r y i n f r e q u e n t appea rance o f
rose t te v i r u s i n c o m m e r c i a l c rops . Hilda patruelis i s m o r e c o m m o n , p a r t i c u l a r l y i n
d r y seasons, a n d causes cons ide rab le d a m a g e t o c rops , p a r t i c u l a r l y o n the edges
o f f i e l ds . H i l d a i s v e r y d i f f i c u l t t o c o n t r o l , b u t b a n d - s p r a y i n g a m i x t u r e o f con tac t
( ca rba ry l ) a n d sys tem ic ( m o n o c r o t o p h o s ) insec t i c ides m a y assist i n p r e v e n t i n g
i n v a s i o n .
A v a i l a b i l i t y o f c r e d i t C r e d i t i s ava i l ab le t o c o m m e r c i a l f a r m e r s , b u t m a i n l y
f r o m c o m m e r c i a l b a n k s , w h e r e c u r r e n t l e n d i n g rates are i n excess o f 3 0 % , a n d the
A g r i c u l t u r a l F i nance C o r p o r a t i o n ( A F C ) , w h i c h charges l o w e r in te res t rates. M o r e
recen t l y , c o m m e r c i a l b a n k s a n d c o m m o d i t y o r g a n i z a t i o n s , p r i n c i p a l l y those
c o m m o d i t i e s t h a t h a v e e x p o r t p o t e n t i a l , h a v e a t t rac ted o f f - shore f i nance , i n the
f o r m o f p r e - s h i p m e n t p a y m e n t s , a t m u c h l o w e r ra tes o f in teres t .
M e c h a n i z a t i o n . T y p i c a l l y , c o m m e r c i a l g r o u n d n u t f a r m s are 10-50 h a i n s ize , a n d
the l a rge r f a r m s are m e c h a n i z e d . H o w e v e r , because o f h i g h u n e m p l o y m e n t , a n d
r e l a t i v e l y c h e a p labor , a c o m b i n a t i o n o f h a n d a n d m e c h a n i z e d h a r v e s t i n g i s
p r a c t i c e d i n m a n y cases. A r t i f i c i a l d r y i n g o f g r o u n d n u t s i s w i d e l y p r a c t i c e d .
Rotations and cropping patterns
G r o u n d n u t s are g r o w n i n r o t a t i o n w i t h m a i z e a n d tobacco, m a i n l y o n the l i g h t e r
s a n d y so i l s w h i c h are p r e f e r a b l e f o r tobacco a n d are f a v o r e d f o r g r o u n d n u t s f o r
ease o f h a r v e s t i n g . G r o u n d n u t i s a n i m p o r t a n t r o t a t i o n c r o p a s i t i s o n e o f t he f e w
l e g u m e s s u i t a b l e f o r s a n d y so i l s . To le rance t o d a m a g e b y n e m a t o d e s , m a i n l y
Meloidogyne javanica, i s an i m p o r t a n t fac to r in t he tobacco r o t a t i o n .
Management practices
R e c o m m e n d e d c u l t u r a l p rac t i ces , s o m e o f w h i c h w e r e es tab l i shed p r i o r t o the
a d o p t i o n o f i r r i g a t e d p r o d u c t i o n , i n c l u d e the f o l l o w i n g ( C O P A 1988):
L a n d p r e p a r a t i o n . S t a n d a r d l a n d p r e p a r a t i o n measures are c a r r i e d o u t b u t there
i s a g r o w i n g t e n d e n c y a m o n g c o m m e r c i a l f a r m e r s t o p rac t i ce m i n i m u m t i l l age ,
p a r t i c u l a r l y w h e r e w i n t e r w h e a t i s g r o w n i n r o t a t i o n w i t h s u m m e r m a i z e a n d
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s o y b e a n c rops . Basa l d ress ings o f c o m p o u n d fe r t i l i ze rs are a p p l i e d a t l a n d
p r e p a r a t i o n .
S o w i n g date . R e c o m m e n d e d s o w i n g da tes are:
A l t i t u d e ( m )
S o w i n g d a t e
B e l o w 900 900-1200
8-23 O c t 1-15 O c t
1200-1500
23 Sep-7 O c t
A b o v e 1500
15-30 Sep
S e e d i n g rates. E a r l y research s h o w e d o p t i m u m p l a n t d e n s i t y f o r l o n g - d u r a t i o n
g r o u n d n u t s t o be 125 000-150 000 p l a n t s ha" 1 , a n d r e c o m m e n d e d r o w spac ings are
35-45 c m , w i t h i n - r o w s p a c i n g o f 10-15 c m . S o w i n g i s u s u a l l y d o n e b y m a c h i n e o n
a b e d o r ' t r a m l i n e ' s y s t e m to a l l o w f o r t rac to r access f o r c h e m i c a l a p p l i c a t i o n a n d
f o r h a r v e s t i n g . Beds are s o w n w i t h 3 r o w s spaced 45 c m , o r 4 r o w s spaced 35 cm
a p a r t b e t w e e n the t r ac to r w h e e l t r a c k s . A s e e d i n g ra te o f 100 kg ha - 1 i s r e q u i r e d f o r
c u r r e n t l y a v a i l a b l e c u l t i v a r s . Seed d r e s s i n g w i t h a f u n g i c i d e i s s t r o n g l y
r e c o m m e n d e d , a n d i s s u p p l i e d w i t h p u r c h a s e d seed.
W e e d contro l . M o s t c rops are t rea ted w i t h h e r b i c i d e , b u t occas iona l ly ,
m e c h a n i c a l o r h a n d w e e d i n g i s p r a c t i c e d be fo re p e g g i n g . Therea f te r h a n d - p u l l i n g
i s r e c o m m e n d e d t o m i n i m i z e d a m a g e t o pegs a n d t o a l l o w u n d i s t u r b e d p e g
p e n e t r a t i o n .
H a r v e s t i n g . D e p e n d i n g o n s ize, c o m m e r c i a l c rops m a y b e h a r v e s t e d c o m p l e t e l y
m e c h a n i c a l l y u s i n g l i f t e rs a n d c o m b i n e s , o r b y u s i n g a c o m b i n a t i o n o f m e c h a n i c a l
l i f t i n g w i t h s t a t i o n a r y m a c h i n e p i c k e r s o r h a n d p i c k i n g . A f t e r l i f t i n g , the p l a n t s
are a l l o w e d t o w i l t i n w i n d r o w s f o r 2 t o 3 d a y s be fo re p i c k i n g . I n r e l a t i v e l y f e w
cases the p l a n t s are h e a p e d f o r 2-3 w e e k s be fo re p i c k i n g , b u t m o s t c rops are
p i c k e d a f te r w i l t i n g a n d d r i e d m e c h a n i c a l l y b y pass ing hea ted a i r t h r o u g h b i n
d r y e r s o r t h r o u g h t u n n e l s c o n s t r u c t e d o f bags.
G r o u n d n u t s are t r a n s p o r t e d t o m a r k e t s o o n af ter d r y i n g , a n d except f o r seed
r e q u i r e m e n t s w h i c h m a y b e re ta i ned fo r t he f o l l o w i n g c r o p , l i t t l e s to rage i s
necessary o n t he f a r m . S h e l l i n g a n d p rocess ing are c a r r i e d o u t a t c e n t r a l i z e d
d e p o t s a n d n o t o n f a r m s .
Constraints
T h e m o s t i m p o r t a n t cons t ra i n t s i n c l u d e :
• cost of c r e d i t ,
• cost o f i n p u t s s u c h as seed , fe r t i l i ze r , a n d pes t i c ides ,
• u n a t t r a c t i v e p r o d u c e r p r i ces , a n d
• s h o r t a g e o f i r r i g a t i o n wa te r .
Market ing
U n t i l t h e 1992 m a r k e t i n g year, g r o u n d n u t a n d a n u m b e r o f o t h e r c o m m o d i t i e s
w e r e d e s i g n a t e d c o n t r o l l e d p r o d u c t s . C o m m e r c i a l g r o w e r s w e r e r e q u i r e d b y l a w
t o se l l t h e i r g r o u n d n u t c r o p t o t he pa ras ta ta l G r a i n M a r k e t i n g B o a r d ( G M B ) a n d
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w e r e p a i d s t a te - con t ro l l ed p r i ces . Imba lances b e t w e e n the p r i ces p a i d f o r d i f f e r e n t
c r o p s f r e q u e n t l y r e s u l t e d i n s w i n g s f r o m o n e c r o p t o a n o t h e r as a resu l t o f p r i ces
n o t k e e p i n g abreast o f m a r k e t t r ends . G r o u n d n u t p r i ces l a g g e d fa r b e h i n d , a n d
f o r m a n y yea rs g r o u n d n u t s w e r e c o n s i d e r e d u n p r o f i t a b l e t o g r o w .
W i t h e c o n o m i c l i b e r a l i z a t i o n r e s u l t i n g f r o m s t r u c t u r a l a d j u s t m e n t p r o g r a m s
a n d t he n e e d t o r e d u c e f o o d subs id ies , t h e State d e - c o n t r o l l e d g r o u n d n u t s a n d
o t h e r c r o p s , a l l o w i n g t h e m t o b e m a r k e t e d freely. T h i s m a r k e t - d r i v e n e c o n o m y
has r e s u l t e d i n g r o u n d n u t p r i ces i n c r e a s i n g , m a i n l y as a resu l t o f be t te r e x p o r t
p r i ces a r i s i n g f r o m i n d e p e n d e n t m a r k e t i n g , a n d g r o u n d n u t s are n o w c o n s i d e r e d
to be a m o r e p r o f i t a b l e c r o p .
I n 1994, a c o - o p e r a t i v e o f c o m m e r c i a l g r o u n d n u t p r o d u c e r s , t h e Z i m b a b w e
P e a n u t G r o w e r s G o - o p e r a t i v e , en te red i n t o a j o i n t v e n t u r e w i t h t he Seed C o - o p
C o m p a n y o f Z i m b a b w e to es tab l i sh Reapers (Pv t ) L t d . Reapers has i n s t a l l e d a 
s h e l l i n g p l a n t a n d i s c o n t r a c t i n g g r o w e r s t o s u p p l y g r o u n d n u t s w h i c h are she l l ed
a n d s o r t e d , a n d those m e e t i n g e x p o r t s t a n d a r d s are e x p o r t e d t o t he U n i t e d
K i n g d o m f o r c o n f e c t i o n e r y use . T h e r e m a i n d e r are e x p o r t e d o r s o l d l o c a l l y f o r
e d i b l e , c r u s h i n g , o r seed p u r p o s e s . Pr ices p a i d t o the f a rmer , es tab l i shed each
year , a re based on a p r o j e c t i o n o f poss ib le ea rn ings f r o m the sale o f the v a r i o u s
g rades .
R a i n f e d g r o u n d n u t p roduc t ion system
T h e m a j o r i t y o f g r o u n d n u t p r o d u c t i o n i s i n t he C F A , o n state l a n d w h i c h i s
a l l o c a t e d t o f a r m e r s b y D i s t r i c t C o u n c i l s . I n these areas f a r m e r s d o n o t h a v e l a n d
tenu re . I n t h e SSC areas f a r m e r s d o h a v e t enu re i n the f o r m o f l o n g - t e r m leases
w h i c h are c o n t r o l l e d b y the R u r a l State L a n d Of f i ce . Fa rmers a l l oca ted l a n d i n the
r e s e t t l e m e n t areas are a lso i s s u e d l o n g - t e r m leases by the D e p a r t m e n t o f R u r a l
D e v e l o p m e n t w h o are respons ib le f o r e n s u r i n g tha t l a n d i s p r o p e r l y u s e d . A n y
h o l d e r n o t m e e t i n g a m i n i m u m s t a n d a r d o f l a n d use a n d c o n s e r v a t i o n r i sks
c a n c e l l a t i o n o f t h i s lease.
S p a n i s h g r o u n d n u t c u l t i v a r s w h i c h h a v e a d u r a t i o n o f 100-130 d a y s d e p e n d i n g
o n a l t i t u d e , are g r o w n o n a l a rge p a r t o f t he r a i n f e d g r o u n d n u t area. S o m e
Valenc ia c u l t i v a r s are g r o w n i n the cooler , w e t t e r areas. O n l y a b o u t 2 5 % o f the
p r o d u c t i o n f r o m th i s sector i s t r a d e d . T h e r e m a i n d e r i s r e t a i n e d f o r l oca l
c o n s u m p t i o n .
Varieties
S h o r t - d u r a t i o n c u l t i v a r s h a v e b e e n g r o w n i n Z i m b a b w e f o r m a n y years , a n d a 
r a n g e o f l o ca l l and races are s t i l l g r o w n . H o w e v e r , a n u m b e r o f re leased c u l t i v a r s
h a v e b e e n g r o w n o v e r t h e pas t 4 0 years . N a t a l C o m m o n , a c u l t i v a r g r o w n w i d e l y
i n S o u t h A f r i c a , has b e e n g r o w n i n Z i m b a b w e f o r m a n y years ( M e i k l e 1965). A 
n u m b e r o f Span i sh c u l t i v a r s h a v e b e e n re leased o v e r t h e pas t 2 0 years b u t f e w
h a v e reached t h e f a r m e r because o f d i f f i c u l t i e s i n seed m u l t i p l i c a t i o n . P l o v e r w a s
re leased i n 1982 ( H i l d e b r a n d 1983b), a n d F a l c o n i n 1990 (Z . A . C h i t e k a , U n i v e r s i t y
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o f Z i m b a b w e , H a r a r e . Pe rsona l c o m m u n i c a t i o n ) . N e i t h e r i s y e t ava i l ab l e i n
su f f i c i en t q u a n t i t y , b u t the Seed C o - o p i s m u l t i p l y i n g b o t h . Some Fa l con seed i s
l i k e l y t o be a v a i l a b l e f o r s u p p l y t o the g o v e r n m e n t fo r i ts d r o u g h t re l ie f seed p a c k
p r o g r a m i n 1 9 9 5 / 9 6 .
Inputs
L o w a n d e r ra t i c r a i n f a l l i n th i s p r o d u c t i o n s y s t e m resu l ts i n l o w y i e l d s a n d p o o r
v i a b i l i t y , a n d f a r m e r s o f t e n c a n n o t a f f o r d t o a p p l y i n p u t s ( M u d i m u 1985). Cos t o f
p r o d u c t i o n i s a lso i nc reased c o n s i d e r a b l y by cost o f t r anspo r t . Fo r e x a m p l e ,
t r a n s p o r t charges o n a 5 0 k g b a g o f g y p s u m m a y d o u b l e i ts p r i c e t o s o m e fa rmers .
Seed i s a lso a m a j o r cost i n g r o u n d n u t p r o d u c t i o n .
Fert i l izer . U s e i s m i n i m a l a n d i s res t r i c ted a l m o s t e x c l u s i v e l y t o t he SSC
f a r m e r s . G y p s u m i s s o m e t i m e s a p p l i e d , b u t Bradyhizobium i n o c u l a n t i s s e l d o m
u s e d .
H e r b i c i d e s , These are s e l d o m u s e d . W e e d i n g i s d o n e a l m o s t e x c l u s i v e l y b y
h a n d .
Pesticides. A p h i d s a n d te rm i tes d o cause d a m a g e i n the r a i n f e d c r o p ,
p a r t i c u l a r l y i n d r y seasons, b u t insec t i c ides are s e l d o m u s e d except f o r occas iona l
a p h i d c o n t r o l .
E a r l y leaf spo t i s a m a j o r cons t ra i n t i n these areas, b u t w e b b l o t c h i s n o t se r ious .
Ea r l i e r research s h o w e d tha t c h e m i c a l d isease c o n t r o l w a s n o t v i a b l e a t y i e l d
leve ls a c h i e v e d u n d e r r a i n f e d c o n d i t i o n s . H o w e v e r , y i e l d s ach ieved w i t h r e d u c e d
f u n g i c i d e a p p l i c a t i o n (Co le 1994) m a y i m p r o v e the feas ib i l i t y o f f u n g i c i d e use
u n d e r these c o n d i t i o n s .
Availabil ity of credit
C r e d i t i s v e r y d i f f i c u l t f o r C F A f a r m e r s t o o b t a i n because o f the absence o f
co l l a t e ra l t h r o u g h l a c k o f l a n d t enu re . H o w e v e r the A F C does p r o v i d e s o m e
s h o r t - t e r m loans . I n c e r t a i n c i r cums tances , the A F C has expe r i enced grea t
d i f f i c u l t y i n e n s u r i n g r e p a y m e n t o f l oans , a n d has recen t l y f a v o r e d g r o u p loans ,
w h e r e peer p ressu re w i t h i n f a r m e r g r o u p s has e n s u r e d greater l o a n recovery .
M e d i u m - t e r m l oans are a lso ava i l ab l e t o i n d i v i d u a l f a r m e r s i n th i s sector based o n
the n o r m a l c o n d i t i o n s o f co l l a te ra l secur i t y .
SSC a n d rese t t l emen t area f a r m e r s h a v e greater access to c red i t by v i r t u e o f
l a n d t e n u r e , a n d i n d i v i d u a l s a n d g r o u p s m a k e use o f A F C , a n d e v e n c o m m e r c i a l
b a n k l oans . M o r e recent ly , c o m m o d i t y l o a n schemes h a v e b e e n i n t r o d u c e d w h e r e
i n d i v i d u a l s m a y a p p l y f o r l oans f o r spec i f i c c o m m o d i t i e s . A t p resen t , t h e tobacco
a n d c o t t o n c o m m o d i t i e s m a k e fac i l i t i es ava i l ab le f o r g r o w e r s , a n d i t i s l i k e l y t h a t
schemes m a y b e c o m e o p e r a t i o n a l f o r f e r t i l i ze r a n d seed. These loans are u s u a l l y
g u a r a n t e e d b y the Z i m b a b w e F a r m e r s U n i o n ( Z F U ) , w h i c h represents t he
in te res ts o f a l l n o n c o m m e r c i a l f a r m e r s .
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Mechanization
A v e r a g e f a r m s ize i n the SSC areas i s 1.3 h a , a n d l a n d p r e p a r a t i o n i s u s u a l l y b y
t rac to r o r o x - d r a w n i m p l e m e n t s . S o m e t rac to rs are o w n e d b y f a r m e r s , a n d s o m e
of fe r con t rac t t i l l age . SSC f a r m e r s c lose to LSC areas o f t e n bene f i t f r o m assistance
f r o m t h e i r L S C c o u n t e r p a r t s .
I n t he C F A a n d rese t t l emen t areas, w h e r e f a r m s ize i s u s u a l l y smal le r , l a n d
p r e p a r a t i o n i s d o n e l a r g e l y b y o x e n o r d o n k e y s ( i t i s e s t i m a t e d t ha t 6 0 % o f
h o u s e h o l d s i n t h i s sector o w n d r a u g h t a n i m a l s ) , o r b y con t rac t t rac to r p l o w i n g .
S o o n a f te r i n d e p e n d e n c e , S ta te - r un con t rac t p l o w i n g schemes w e r e i n s t i t u t e d , b u t
s ince r e v e n u e s are r e t u r n e d t o Treasury , l ack o f f i nance f o r r e n e w a l , spares, a n d
m a i n t e n a n c e o f e q u i p m e n t , has a f fec ted ef f ic iency. I t i s h o p e d tha t d o n o r f i nance
m a y be a t t r a c t e d t o p r o v i d e fo r a r e v o l v i n g f u n d t o a l l ev ia te th i s cons t ra in t .
C o n t r a c t p l o w i n g co -ope ra t i ves are a lso b e i n g f o r m e d , a n d these s u p p l e m e n t
s ta te e f fo r ts .
H a r v e s t i n g i s d o n e b y h a n d , a n d a f ter i n i t i a l w i l t i n g , g r o u n d n u t s are c u r e d i n
heaps o r o n racks f o r 3-5 w e e k s o r m o r e be fo re h a n d p i c k i n g .
Rotations and cropping patterns
N o d e f i n i t e r o t a t i o n p a t t e r n s are f o l l o w e d , m a i n l y because o f s ize o f h o l d i n g s , a n d
g r o u n d n u t s are o f t e n s o w n o n the same l a n d f o r a n u m b e r o f years .
Management practices
R e c o m m e n d e d c u l t u r a l p rac t i ces g e n e r a l l y f o l l o w those f o r the c o m m e r c i a l c r o p ,
b u t d i f f e r i n the f o l l o w i n g respects:
S o w i n g date. I t i s r e c o m m e n d e d tha t s o w i n g i s d o n e as s o o n as poss ib le a f ter
t he f i r s t p l a n t i n g r a i ns , b u t l ack o f labor , a n d c r o p s o w i n g sequence a n d
p re fe rence , o f t e n resu l t i n g r o u n d n u t s b e i n g s o w n a b o u t th ree w e e k s af ter the
onse t o f t he r a i n s .
S e e d i n g rates. O p t i m u m p l a n t d e n s i t y f o r s h o r t - d u r a t i o n g r o u n d n u t s i s d o u b l e
t h a t o f l o n g - d u r a t i o n c u l t i v a r s , a n d 250 000-300 000 p l a n t s ha - 1 are r e c o m m e n d e d .
H o w e v e r , p l a n t dens i t i es a c h i e v e d are o f t e n c o n s i d e r a b l y b e l o w these o p t i m a a n d
m a y c o n t r i b u t e t o r e d u c e d y i e l d s a n d inc reased r i s k o f roset te v i r u s i nc idence .
Seed i s u s u a l l y r e t a i n e d f r o m the p r e v i o u s season a n d m a y h a v e p o o r v i a b i l i t y
V e r y o f t e n i t i s n o t d ressed w i t h a seed p ro tec tan t .
Constraints
A m o n g t h e n u m e r o u s cons t ra i n t s ( S h u m b a 1983, M u d i m u 1985), t he m o r e
i m p o r t a n t are :
• u n a t t r a c t i v e p r o d u c e r p r i c e ,
• l ack o f c r e d i t ,
• n o n - a v a i l a b i l i t y o f seed ,
• s h o r t a g e o f l a n d ,
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• l o w so i l f e r t i l i t y ,
• s h o r t a g e o f l a b o r a n d d r a u g h t p o w e r ,
• l ack of t r a n s p o r t ,
• cost o f i n p u t s , a n d
• l o w a n d u n r e l i a b l e r a i n f a l l
Market ing
C F A f a r m e r s w e r e p r e v i o u s l y n o t sub jec ted t o the same m a r k e t i n g res t r i c t i ons a s
L S C f a r m e r s . I n f o r m a l t r a d i n g w i t h i n a n d b e t w e e n C F A s w a s p e r m i t t e d , b u t
d e l i v e r i e s w e r e a lso m a d e t o the G M B t h r o u g h n u m e r o u s t rade rs w h o w e r e
a p p o i n t e d agents . H o w e v e r , p r i ces o f f e r e d b y t raders w e r e n o t a l w a y s fa i r , a n d
f a r m e r s w e r e r e l u c t a n t t o m a r k e t i n the f o r m a l sector. T h e recent d e - c o n t r o l o f
g r o u n d n u t t r a d i n g i s l i k e l y t o h a v e a bene f i c ia l ef fect o n s m a l l h o l d e r p r o d u c t i o n
as w e l l .
Technology deve lopment
Research a n d d e v e l o p m e n t ac t i v i t i es i n Z i m b a b w e h a v e b e e n l i m i t e d , b u t a 
n u m b e r o f agencies h a v e p l a y e d a n i m p o r t a n t r o l e o v e r the pas t t h i r t y years .
Research
Governmental Organizations
• T h e M i n i s t r y o f A g r i c u l t u r e ' s D e p a r t m e n t o f Research a n d Spec ia l is t Serv ices
has , s ince the e a r l y 1960s, c o n d u c t e d research i n g e r m p l a s m e n h a n c e m e n t ,
p h y s i o l o g y , a g r o n o m y , p l a n t p r o t e c t i o n , so i l f e r t i l i t y , a n d a f l a t o x i n , a n d the
A g r i c u l t u r a l E n g i n e e r i n g I n s t i t u t e c o n d u c t e d research o n m e c h a n i z a t i o n o f
h a r v e s t i n g a n d d r y i n g ( H i l d e b r a n d 1980).
Nongovernmental Organizations
I n recen t years o t h e r o r g a n i z a t i o n s h a v e p l a y e d a ro le .
• T h e C r o p Science D e p a r t m e n t o f the U n i v e r s i t y o f Z i m b a b w e has , o v e r a 
n u m b e r o f yea rs , c o n d u c t e d research o n g r o u n d n u t d isease c o n t r o l , l e a d i n g t o
the r e f i n e m e n t o f c u r r e n t d isease c o n t r o l r e c o m m e n d a t i o n s .
• T h e A g r i c u l t u r a l Research T rus t , s u p p o r t e d b y the C o m m e r c i a l Fa rmers U n i o n
( C F U ) , has c o n d u c t e d research o n i r r i g a t i o n w a t e r use e f f i c iency a n d c r o p
d r y i n g , a n d p r o v i d e s t es t i ng fac i l i t i es f o r g o v e r n m e n t a l a n d o the r
o r g a n i z a t i o n s .
• T h e Seed C o - o p C o m p a n y o f Z i m b a b w e , i n a d d i t i o n t o b e i n g the m a i n s u p p l i e r
o f g r o u n d n u t seed , has recen t l y i n i t i a t e d a g r o u n d n u t b r e e d i n g p r o g r a m .
• C o m m e r c i a l c h e m i c a l a n d f e r t i l i z e r c o m p a n i e s h a v e c o n d u c t e d research o n
fe r t i l i ze r , p e s t i c i d e , a n d h e r b i c i d e use , a n d h a v e e v a l u a t e d pes t i c ides f o r
r e g i s t r a t i o n .
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International Agricultural Research Centers (IARCs)
I C R I S A T a c t i v i t i e s i n t he r e g i o n , s ince the e s t a b l i s h m e n t o f t he S A D C / I C R I S A T
G r o u n d n u t Pro jec t i n M a l a w i i n 1982, h a v e b e n e f i t t e d Z i m b a b w e g r e a t l y i n t e r m s
of:
• i n c reased a v a i l a b i l i t y o f g e r m p l a s m . N o I C R I S A T g e r m p l a s m has y e t b e e n
re leased i n Z i m b a b w e , b u t c u r r e n t a c t i v i t i e s s h o w p o t e n t i a l f o r c o n f e c t i o n e r y
q u a l i t y , d isease res is tance, a n d d r o u g h t t o l e r a n c e / a v o i d a n c e .
• D i s s e m i n a t i o n o f i n f o r m a t i o n t h r o u g h w o r k s h o p s , m o n i t o r i n g t o u r s , a n d
p u b l i c a t i o n s .
• I n t e r - N A R S i n t e r a c t i o n a n d c o l l a b o r a t i o n .
Technology Transfer
G o v e r n m e n t a l O r g a n i z a t i o n s
• T h e M i n i s t r y o f A g r i c u l t u r e ' s D e p a r t m e n t o f A g r i c u l t u r a l Techn ica l a n d
E x t e n s i o n Serv ices has p l a y e d a n i m p o r t a n t p a r t i n t e c h n o l o g y t ransfer ,
p a r t i c u l a r l y i n the s m a l l h o l d e r sector i n recent years .
N o n g o v e r n m e n t a l Organ iza t ions
• T h e C o m m e r c i a l O i l seeds P r o d u c e r s ' A s s o c i a t i o n ( C O P A ) , p a r t o f t he
C o m m e r c i a l F a r m e r s U n i o n , represen ts the in te res ts o f a l l L S C s o y b e a n ,
g r o u n d n u t , a n d s u n f l o w e r g r o w e r s , a n d p r o v i d e s a n a d v i s o r y serv ice t o t he i r
m e m b e r s . T h i s i n c l u d e s r e p r e s e n t a t i o n i n p o l i c y m a t t e r s a s w e l l a s o r g a n i z i n g
f i e l d d a y s a n d d e m o n s t r a t i o n s , a n d p u b l i c a t i o n o f the O i l seeds H a n d b o o k .
• F e r t i l i z e r a n d c h e m i c a l c o m p a n i e s p r o v i d e a n a d v i s o r y serv ice t o users o f t he i r
p r o d u c t s .
• B a n k s a n d o t h e r f i n a n c i a l i n s t i t u t i o n s h a v e d e v e l o p e d ag r i - bus iness
d e p a r t m e n t s w h i c h a d v i s e c l ien ts o n c red i t , e c o n o m i c , a n d f i n a n c i a l m a t t e r s .
Research Eva lua t ion a n d Impac t Assessment
V e r y l i t t l e e v a l u a t i o n o f t e c h n o l o g y a d o p t i o n has been c o n d u c t e d b y
g o v e r n m e n t a l o r n o n g o v e r n m e n t a l o r g a n i z a t i o n s , b u t I A R C s , n o t a b l y I C R I S A T ,
h a v e r e c e n t l y p u t g rea te r e m p h a s i s o n research e v a l u a t i o n i n c o l l a b o r a t i o n w i t h
N A R S i n the r e g i o n . H o w e v e r , i t i s r e l a t i v e l y easy t o m o n i t o r y i e l d t r e n d s i n s m a l l
f a r m s s u c h a s t h e L S C g r o u n d n u t c r o p , a n d p r o d u c t i o n s ta t is t ics h a v e
s u b s t a n t i a t e d y i e l d increases.
Publ icat ions
A n u m b e r o f p o p u l a r a n d t e c h n i c a l p u b l i c a t i o n s , h a n d b o o k s , news le t t e r s , a n d
a d v i s o r y lea f le ts t h a t c o v e r aspects o f g r o u n d n u t p r o d u c t i o n are ava i l ab le . These
i n c l u d e :
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• T h e Z i m b a b w e A g r i c u l t u r a l J o u r n a l ( ISSN 0035-4686), a t echn i ca l j o u r n a l
p u b l i s h e d s i x t i m e s each yea r b y t he M i n i s t r y o f A g r i c u l t u r e .
• T h e Z i m b a b w e J o u r n a l o f A g r i c u l t u r a l Research ( ISSN 0 0 3 5 4 8 1 3 ) / t he
d e s i g n a t e d j o u r n a l o f t h e S o u t h e r n A f r i c a n C e n t r e f o r C o o p e r a t i o n i n
A g r i c u l t u r a l Research a n d T r a i n i n g ( S A C C A R ) , p u b l i s h e d t w i c e y e a r l y b y t h e
M i n i s t r y o f A g r i c u l t u r e i n c o o p e r a t i o n w i t h S A C C A R .
• T h e Fa rmer , a f a r m i n g n e w s m a g a z i n e , p u b l i s h e d w e e k l y b y M o d e r n F a r m i n g
P u b l i c a t i o n s ' T r u s t i n c o n j u n c t i o n w i t h t h e C F U . I t i s d i r e c t e d m a i n l y a t L S C
f a r m e r s , a n d i s d i s t r i b u t e d t o a l l r eg i s te red m e m b e r s o f t h e C F U . I t i s a lso
a v a i l a b l e a t n e w s a g e n t s .
• T h e Z i m b a b w e a n F a r m e r ( M u r i m i / U m l i m i ) , p u b l i s h e d m o n t h l y b y t he
Z i m b a b w e F a r m e r s U n i o n i s a f a r m i n g n e w s m a g a z i n e f o r t he s m a l l h o l d e r
f a r m i n g sector.
• T h e O i l s e e d s H a n d b o o k , a n a d v i s o r y h a n d b o o k c o v e r i n g s o y b e a n , g r o u n d n u t ,
a n d s u n f l o w e r , p u b l i s h e d b y C O P A p r i m a r i l y f o r L S C o i l seeds g r o w e r s , b u t
a v a i l a b l e t o a n y i n t e r e s t e d p e r s o n s a t n o m i n a l cost.
• T h e O i l s e e d s N e w s l e t t e r p u b l i s h e d b y C O P A i s d i s t r i b u t e d t o a l l C O P A
m e m b e r s a n d o t h e r pe rsons i n t e res ted i n o i l seed d e v e l o p m e n t i n Z i m b a b w e ,
a n d c o n t a i n s t o p i c a l i n f o r m a t i o n a n d n e w s o n o i l seed c u l t i v a t i o n , m a r k e t i n g ,
u t i l i z a t i o n , a n d r e l e v a n t A s s o c i a t i o n m a t t e r s .
Future Technology Needs
A n i m p o r t a n t f ea tu re o f Z i m b a b w e a n a g r i c u l t u r e d u r i n g t he last decade has b e e n
the f r e q u e n t o c c u r r e n c e o f s u b n o r m a l r a i n y seasons. T h e 1 9 9 4 / 9 5 g r o w i n g season
w a s o n e o f t h e d r i e s t o f 8 s u b n o r m a l seasons s ince 1 9 8 2 / 8 3 , a n d l ack o f s t o r e d
i r r i g a t i o n w a t e r has se r i ous i m p l i c a t i o n s f o r w i n t e r w h e a t p r o d u c t i o n , a n d f o r
i r r i g a t e d c r o p s i n 1 9 9 5 / 9 6 . P r o d u c t i o n i n t he r a i n f e d p r o d u c t i o n s y s t e m has a lso
s u f f e r e d as a r e s u l t o f these s u b n o r m a l seasons.
I f s u c h a t r e n d pers is ts , i t w i l l b e i m p e r a t i v e t o d e v e l o p t echno log ies f o r m o r e
e f f i c i en t use o f i r r i g a t i o n w a t e r i n t he i r r i g a t i o n p r o d u c t i o n s y s t e m , a n d f o r
d r o u g h t t o l e rance o r a v o i d a n c e i n t h e r a i n f e d p r o d u c t i o n s y s t e m . I n a d d i t i o n , a s a 
r e s u l t o f d e c l i n i n g p r o d u c t i v i t y a n d esca la t i ng costs, t echno log ies are r e q u i r e d t o
fac i l i t a te m o r e e f f i c i en t use o f i n p u t s .
H i g h - y i e l d i n g I C R I S A T c o n f e c t i o n e r y g e n o t y p e s , c u r r e n t l y b e i n g e v a l u a t e d ,
s h o w p o t e n t i a l f o r i m p r o v e d p r o f i t a b i l i t y o f t he i r r i g a t e d c r o p , w h i l e s h o r t -
d u r a t i o n a n d d r o u g h t - t o l e r a n t I C R I S A T g e n o t y p e s g i v e h o p e f o r i m p r o v e d
p r o d u c t i v i t y a n d s u s t a i n a b i l i t y i n t he r a i n f e d p r o d u c t i o n s y s t e m .
A r e a s r e q u i r i n g m o r e research e f f o r t , i n p a r t i c u l a r , a re t he e f f i c ien t use o f
i r r i g a t i o n w a t e r a n d t he r e d u c e d use o f c r o p p r o t e c t i o n chem ica l s , n o t o n l y t o
r e d u c e cos ts , b u t a lso t o r e d u c e d e t r i m e n t a l i m p a c t s o n t h e e n v i r o n m e n t .
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Thematic Papers
Maximiz ing Groundnut Yields
C Johansen and R C Nageswara Rao1
Abstract
T h e g l o b a l m e a n d r y p o d y i e l d o f g r o u n d n u t i s a r o u n d 1 t h a - 1 b u t y i e l d s o f u p t o 9 
t ha - 1 h a v e b e e n r e p o r t e d . T h u s , g l o b a l l y the re is a s u b s t a n t i a l y i e l d g a p b e t w e e n
y i e l d s r e a l i z e d o n f a r m e r ' s f i e l ds a n d p o t e n t i a l y i e l d . I t i s the re fo re r e c o m m e n d e d
tha t t h e b u l k o f research e f fo r t s concen t ra te o n c l o s i n g th is g a p , t h r o u g h the
v a r i o u s gene t i c a n d m a n a g e m e n t o p t i o n s a c t u a l l y o r p o t e n t i a l l y ava i l ab le .
Research a i m e d a t b r e a k i n g a l r e a d y h i g h y i e l d - c e i l i n g s w o u l d seem less u r g e n t .
S u c h research w o u l d c o m p r i s e gene t i c a l t e r a t i o n o f the c r o p c a n o p y a n d
p h y s i o l o g i c a l processes t o m a k e be t te r use o f p r e v a i l i n g r a d i a t i o n , t e m p e r a t u r e ,
a n d C O 2 l eve ls . H o w e v e r , c u r r e n t k n o w l e d g e i s su f f i c i en t t o cons ide r these fac to rs
a lso as ' c o n s t r a i n t s ' ( to h i g h e r y i e l d s ) . T h i s p a r t i c u l a r l y app l i es t o t e m p e r a t u r e f o r
w h i c h the re are b o t h gene t i c (e.g. , t o le rance t o e x t r e m e t e m p e r a t u r e s ) a n d
m a n a g e m e n t (e.g. , p o l y t h e n e m u l c h i n g f o r l o w t e m p e r a t u r e ) o p t i o n s t h a t ca n
inc rease c r o p a d a p t a t i o n . Fo r sys tema t i c t a c k l i n g o f t he y i e l d g a p , a n d p r o b i n g o f
y i e l d ce i l i ngs , i t i s sugges ted t ha t a n i d e o t y p e a p p r o a c h b e f o l l o w e d f o r
g r o u n d n u t w h e r e b y des i r ab le p u t a t i v e t ra i t s are d e s i g n e d , searched f o r i n the
g e r m p l a s m , a n d g e n e t i c a l l y i n c o r p o r a t e d . Poss ib i l i t i es f o r u s i n g t h i s a p p r o a c h
h a v e r e c e n t l y b e e n e n h a n c e d b y a d v a n c e s i n p l a n t a n d c r o p m o d e l i n g t echn iques ,
a n d t h e a b i l i t y t o t r ans fe r genes b e t w e e n species.
1. Agronomy Division, ICRISAT Asia Center, Patancheru 502 324, Andhra Pradesh, India.
ICRISAT Conference Paper no. CP 1155
Johansen, C. and Nageswara Rao R.C. 1996. Maximizing groundnut yields. (In En. Summary in Ch.) Pages 117-127 in
Achieving high groundnut yields: proceedings of an international workshop, 25-29 Aug 1995, Laixi City; Shandong,
China (Renard, C., Gowda, C.L.L., Nigam, S.N., and Johansen, C. eds.). Patancheru 502 324, Andhra Pradesh, India:
International Crops Research Institute for the Semi-Arid Tropics.
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Introduction
Recen t e c o n o m i c assessments o f g l o b a l g r o u n d n u t p r o d u c t i o n a n d t r a d e (F le tcher
e t a l . 1992, F l o r k o w s k i 1994) i n d i c a t e g e n e r a l l y u p w a r d t r ends . T h i s i s d e s p i t e
s i g n i f i c a n t dec l i nes i n p r o d u c t i o n a n d vege tab le o i l e x p o r t s f r o m A f r i c a o v e r t he
p r e v i o u s t w o decades , a n d a g r a d u a l s u b s t i t u t i o n o f g r o u n d n u t b y s u c h vege tab le
o i l s a s r a p e seed a n d s u n f l o w e r w h i c h are c o n s i d e r e d t o h a v e be t te r p r o p e r t i e s
w i t h respec t t o h u m a n h e a l t h . H o w e v e r , t h r o u g h o u t the w o r l d the re h a v e b e e n
s i g n i f i c a n t increases i n c o n s u m p t i o n o f g r o u n d n u t as a f o o d (F le tcher e t a l . 1992).
O p t i o n s f o r m e e t i n g t h i s i n c r e a s i n g d e m a n d f o r g r o u n d n u t d i f f e r b e t w e e n
r e g i o n s . I n A f r i c a , t h e r e i s c o n s i d e r a b l e scope f o r area e x p a n s i o n i f o n l y t o recove r
areas l os t o v e r recen t decades . I n A s i a , h o w e v e r , as scope f o r area e x p a n s i o n o f
a r a b l e l a n d i n g e n e r a l i s l i m i t e d ( P e n n i n g d e Vr ies e t a l . 1995), i n c r e a s i n g y i e l d s i n
t r a d i t i o n a l g r o u n d n u t - g r o w i n g areas a p p e a r s t o b e the o n l y v i a b l e o p t i o n . O f
c o u r s e , w h e r e t he re i s scope f o r area e x p a n s i o n , a s t i m u l u s t o g r o u n d n u t f a r m e r s
o v e r a w i d e r area w o u l d b e s o m e assurance t ha t t h e y can ach ieve h i g h e r a n d
m o r e s tab le y i e l d s t h a n p r e v i o u s l y o b t a i n e d .
T h i s p a p e r d iscusses a c o n c e p t u a l f r a m e w o r k f o r i n c r e a s i n g g r o u n d n u t y i e l d s
i n a p a r t i c u l a r r e g i o n . A p p r o a c h e s t o c l o s i n g the y i e l d g a p b e t w e e n rea l i zed a n d
p o t e n t i a l y i e l d s , a n d b r e a c h i n g y i e l d ce i l i ngs are e x a m i n e d , p a r t i c u l a r l y i n t he
l i g h t o f recen t a d v a n c e s i n c r o p m o d e l i n g a n d m o l e c u l a r b i o l o g y . H o w e v e r , i n
a d d i t i o n t o a c h i e v i n g h i g h p o d y i e l d s , t he l o n g - t e r m s u s t a i n a b i l i t y o f c r o p p i n g
s y s t e m s i n w h i c h g r o u n d n u t i s a c o m p o n e n t needs t o b e c o n s i d e r e d . T h u s
m a x i m i z a t i o n o f N 2 - f i x a t i o n a lso assumes i n c r e a s i n g i m p o r t a n c e .
T h e Y i e l d G a p
I n t he m a j o r g r o u n d n u t - p r o d u c i n g c o u n t r i e s ave rage y i e l d s f o r t h e 1980s r a n g e d
f r o m 0.7 to 2.8 t h a - 1 w i t h a w o r l d ave rage o f a r o u n d 1 t ha - 1 (Table 1). H o w e v e r , i n
S h a n d o n g P r o v i n c e o f C h i n a , d r y p o d y i e l d s o f 11.2 t ha - 1 i n 0.1 ha p l o t s a n d 9.6 t 
h a - 1 i n 1 4 h a p l o t s h a v e b e e n r e p o r t e d (Sun Y a n h a o a n d W a n g C a i b i n 1990). I n
Z i m b a b w e , H i l d e b r a n d (1980) a lso r e p o r t e d a y i e l d o f 9.6 t ha - 1 . A t I C R I S A T A s i a
C e n t e r i n p e n i n s u l a r I n d i a , y i e l d s o f up t o 7 t ha - 1 h a v e been o b t a i n e d i n s m a l l
p l o t s a n d up to 5 t ha - 1 on l a rge p l o t s ( I C R I S A T 1991). S u c h v a l u e s c a n be
c o n s i d e r e d a s r e p r e s e n t a t i v e o f t he y i e l d p o t e n t i a l o f g r o u n d n u t f o r d e f i n e d
a g r o e c o l o g i c a l zones .
Yield potential m a y be d e f i n e d as t h e maximum yield obtainable by the best 
genotypes available in a specified agroclimatic environment when the known biotic and 
abiotic constraints are overcome. T h e a g r o c l i m a t i c e n v i r o n m e n t is spec i f i ed by t h e
a m b i e n t r a d i a t i o n , t e m p e r a t u r e , a n d c a r b o n d i o x i d e ( C O 2 ) r eg imes . I n t he case o f
g r o u n d n u t , h o w e v e r , w h e r e p o d f o r m a t i o n occu rs u n d e r g r o u n d , s o i l p h y s i c a l
cha rac te r i s t i cs s h o u l d a lso be c o n s i d e r e d as a l i m i t t o y i e l d p o t e n t i a l ( W r i g h t 1989,
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T a b l e 1 . Average a n n u a l p r o d u c t i o n , area, a n d d r y p o d y i e l d s o f g r o u n d n u t i n
the m a j o r p r o d u c i n g countr ies d u r i n g the 1980s.
C o u n t r y / R e g i o n
I n d i a
C h i n a
U S A
I n d o n e s i a
Senega l
M y a n m a r
S u d a n
N i g e r i a
Z a i r e
A r g e n t i n a
O t h e r s
W o r l d
P r o d u c t i o n
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1. Source: Fletcher et al. 1992.
N a g e s w a r a Rao e t a l . 1992). A b i o t i c fac to rs s u c h a s so i l m o i s t u r e a n d n u t r i e n t
a v a i l a b i l i t y are c o n s i d e r e d a s k n o w n cons t ra i n t s w h i c h c a n b e a l l e v i a t e d , a n d t h u s
are n o t i n c l u d e d a s l i m i t s t o y i e l d p o t e n t i a l b u t r a t he r a s fac to rs a f f e c t i n g t h e y i e l d
gap.
F r o m F i g u r e 1 , i t i s a p p a r e n t t h a t t h e y i e l d g a p , t he d i f f e rence b e t w e e n y i e l d s
r e a l i z e d by f a r m e r s a n d p o t e n t i a l y i e l d , i s l a r g e , u s u a l l y g rea te r t h a n 5 t h a - 1 , f o r
t h e m a j o r p r o d u c i n g c o u n t r i e s o r r e g i o n s . T h i s i m p l i e s c o n s i d e r a b l e scope f o r
i n c r e a s i n g y i e l d s b y i d e n t i f y i n g a n d a d d r e s s i n g t he b i o t i c a n d ab io t i c stress
fac to rs r e s p o n s i b l e f o r t h i s g a p .
A l l e v i a t i n g Constraints
I n d e v e l o p i n g a n d i m p l e m e n t i n g t h e g r o u n d n u t research a g e n d a f o r t h e I C R I S A T
M e d i u m - T e r m P l a n , 1994-98, I C R I S A T g r o u n d n u t sc ient is ts u n d e r t o o k a g l o b a l
c o n s t r a i n t a n a l y s i s f o r t h i s c r o p ( I C R I S A T 1992). T h i s exerc ise i n c l u d e d :
• e s t i m a t i o n o f a v e r a g e a n n u a l y i e l d losses caused by t h e m a j o r stresses across
g r o u n d n u t g r o w i n g r e g i o n s ;
• e s t i m a t i o n o f t o w h a t e x t e n t a f o c u s e d a n d i n t e n s i v e research e f f o r t c o u l d
a l l e v i a t e a g i v e n c o n s t r a i n t , g i v i n g d u e c o n s i d e r a t i o n t o expec ted research lags
a n d t h e p r o b a b i l i t y o f success o f a research e n d e a v o r ;
• c a l c u l a t i o n o f bene f i t : cos t r a t i o s f o r r e t u r n s o n research i n v e s t m e n t f o r each
i d e n t i f i e d c o n s t r a i n t , based o n es t ima tes o f p o t e n t i a l a d o p t i o n o f t h e
t e c h n o l o g y ; a n d
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F i g u r e 1 . R e p r e s e n t a t i o n o f r e a l i z e d a n d potent ia l y i e l d s a n d t h e i r r e l a t i o n s h i p s .
• w e i g h i n g s u c h r a t i o s w i t h i n d i c e s a c c o u n t i n g f o r r e l a t i v e p o v e r t y o f ta rge t
r e g i o n s , e q u i t y , s p i l l o v e r ef fects o f research ( i n t e r n a t i o n a l i t y ) , a n d
c o n s i d e r a t i o n s o f s u s t a i n a b i l i t y o f p r o d u c t i o n sys tems.
A s t he I C R I S A T g e o g r a p h i c m a n d a t e i s t h e s e m i - a r i d t r op i cs (SAT) , t h i s
ana l ys i s w a s p r i m a r i l y d i r e c t e d t o w a r d s A f r i c a a n d S o u t h a n d Southeas t A s i a .
Tab le 2 i n d i c a t e s t h e r a n k i n g o f t h e g r o u n d n u t c o n s t r a i n t t hemes , w i t h t he i r
bene f i t : cos t r a t i o , a m o n g the 92 research t h e m e s chosen f o r t he 1994-98 I C R I S A T
g l o b a l research p o r t f o l i o .
I t i s s u g g e s t e d t h a t t h i s a p p r o a c h w o u l d b e u s e f u l w h e n a p p l i e d o n a m o r e
f o c u s e d scale (e.g. , a t t h e l e v e l o f a c o u n t r y , o r a r e g i o n w i t h i n a c o u n t r y ) to



















Tab le 2 . R a n k i n g o f g r o u n d n u t research themes i n the I C R I S A T M e d i u m T e r m
P l a n , 1 9 9 4 - 8 .
T h e m e
R u s t d isease
A f l a t o x i n - gene t i c i m p r o v e m e n t o p t i o n s
La te lea f s p o t d isease
A f l a t o x i n - m a n a g e m e n t o p t i o n s
E a r l y lea f s p o t d isease
R a i s i n g y i e l d p o t e n t i a l
E n h a n c i n g d r o u g h t res is tance
B u d necros is v i r u s
Lea f m i n e r - gene t i c i m p r o v e m e n t
L e a f m i n e r - m a n a g e m e n t o p t i o n s
S p o d o p t e r a
P e a n u t c l u m p v i r u s
Roset te v i r u s
M i l l i p e d e s
N e m a t o d e s (also fo r ch i ckpea a n d p i g e o n p e a )
Te rm i t es
W h i t e g r u b s
P e a n u t m o t t l e v i r u s
A d a p t a t i o n i n s o u t h e r n A f r i c a
P e a n u t s t r i p e v i r u s
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1. Ranking of a particular groundnut research theme among a total of 92 themes within the ICRISAT mandate
(commodity mandate for groundnut, sorghum, pearl millet, finger millet, chickpea, and pigeonpea and
geographical mandate for the semi-arid tropics).
Source: ICRISAT (1992).
necessary p r e r e q u i s i t e to a t t e m p t i n g t h i s i s a c o m p r e h e n s i v e s u r v e y f o r cons t ra i n t
d i a g n o s i s a n d y i e l d loss assessment . Use o f g e o g r a p h i c i n f o r m a t i o n sys tems (GIS)
t e c h n o l o g y t o m a p cons t ra i n t s a n d y i e l d losses o f ta rge t r eg ions c o n s i d e r a b l y a i ds
th i s research p r i o r i t i z a t i o n process.
A n o t h e r i m p o r t a n t c o n s i d e r a t i o n i n th i s ana lys i s i s d e c i d i n g the a p p r o p r i a t e
m e t h o d o l o g y t o f o l l o w i n t a c k l i n g i d e n t i f i e d cons t ra in t s , a s th i s w i l l dec i de
research lags , p r o b a b i l i t y o f success, a n d research i n v e s t m e n t costs. A p r i m a r y
c o n s i d e r a t i o n i s w h e t h e r t he c o n s t r a i n t c a n best b e t a c k l e d b y genet ic m e a n s s u c h
as i n c r e a s i n g h o s t - p l a n t res is tance to a stress, o r by m a n a g e m e n t m e a n s , s u c h as
a p p l i c a t i o n o f a g r i c u l t u r a l chemica l s . A s i n d i c a t e d i n Table 2 , p rospec ts f o r
t a c k l i n g the m a j o r cons t ra i n t s c o n t r i b u t i n g t o the y i e l d g a p i n g r o u n d n u t f o r
A f r i c a a n d S o u t h a n d Southeas t A s i a a p p e a r p r o m i s i n g , a t least i n t e r m s o f r e t u r n
o n research i n v e s t m e n t .
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Breaching Y i e l d Cei l ings
A s d e f i n e d ear l ier , y i e l d ce i l i ngs are set b y g e n e r a l l y u n s p e c i f i e d e n v i r o n m e n t a l
fac to rs , s u c h as t e m p e r a t u r e a n d r a d i a t i o n r eg imes (F ig . 1). H o w e v e r , i t i s poss ib le
t o i d e n t i f y t h e fac to r o r fac to rs m o s t l i k e l y t o b e c o n s t r a i n i n g y i e l d b e l o w a ce r t a i n
u p p e r l i m i t ( y i e l d p o t e n t i a l ) . The re fo re , s u c h fac tors can also b e c o n s i d e r e d a s
cons t ra i n t s , a n d add ressed i n t he same w a y a s cons t ra in ts c o n t r i b u t i n g t o the
y i e l d g a p . T o b r e a c h y i e l d ce i l i ngs t h e n , t h e cha l l enge i s t o i d e n t i f y the m a j o r
c o n s t r a i n i n g factor , o r fac to rs , a n d dev i se w a y s o f c i r c u m v e n t i n g t h a t l i m i t a t i o n .
T h i s c a n b e a c h i e v e d b y e i the r o f t w o p a t h w a y s . O n e i s f a v o r a b l e m o d i f i c a t i o n o f
t h e l i m i t i n g fac to r b y m a n a g e m e n t means . E x a m p l e s i n c l u d e a l l e v i a t i o n o f l o w
t e m p e r a t u r e stress b y p o l y t h e n e m u l c h i n g o r a d j u s t m e n t o f p l a n t i n g da te t o be t te r
u t i l i z e a m b i e n t t e m p e r a t u r e a n d r a d i a t i o n . A n o t h e r p a t h w a y i s genet ic a l t e r a t i o n
o f t h e p l a n t t o m a k e be t te r use o f a m b i e n t e n v i r o n m e n t a l c o n d i t i o n s .
I d e n t i f i c a t i o n o f g e n o t y p e s m o r e t o l e ran t t o l o w t e m p e r a t u r e a n d a l t e r a t i o n o f
c r o p c a n o p y charac te r i s t i cs t o i m p r o v e l i g h t use e f f i c iency are examp les .
D e s p i t e a l a rge y i e l d g a p , a n d poss ib le stress a l l e v i a t i o n measures t ha t can be
t a k e n to c lose i t , i t has b e e n a r g u e d t ha t a f ocus on b r e a c h i n g y i e l d ce i l i ngs i s a lso
r e l e v a n t i n s i t u a t i o n s w h e r e b i o t i c a n d ab io t i c stresses l i m i t y i e l d t o , say, a r o u n d
the 1 t ha - 1 l e v e l . T h e a r g u m e n t i s t ha t an increase in y i e l d p o t e n t i a l in a ' n o n -
l i m i t i n g ' e n v i r o n m e n t ( the ' t heo re t i ca l p o t e n t i a l y i e l d ' o f F i g . 1 ) w i l l re f lect i n a 
p r o p o r t i o n a l y i e l d increase i n a n e n v i r o n m e n t c o n s t r a i n e d b y r e c o g n i z e d b i o t i c o r
a b i o t i c stresses. T h i s i s r ep resen ted in F i g u r e 2 by the ' h i g h - y i e l d i n g , stress-
res i s tan t ' response c o m p a r e d w i t h t he response o f t h e ' s t a n d a r d c u l t i v a r ' .
H o w e v e r , i t has b e e n t h e expe r ience i n m o s t c rops t ha t c rossover effects occur , i.e.,
a c h a n g e i n g e n o t y p i c r a n k i n g a t d i f f e r e n t leve ls o f stress (Rosie l le a n d H a m b l i n
1981). T h i s ef fect i s a lso d e p i c t e d in F i g u r e 2 , w h e r e a r e l a t i v e l y st ress-resistant
g e n o t y p e does n o t fa re w e l l i n f a v o r a b l e e n v i r o n m e n t s a n d a g e n o t y p e w i t h h i g h -
y i e l d p o t e n t i a l u n d e r f a v o r a b l e e n v i r o n m e n t a l c o n d i t i o n s fares p o o r l y i n stress
e n v i r o n m e n t s . T h e r e l a t i o n s h i p b e t w e e n y i e l d p o t e n t i a l a n d g e n o t y p i c res is tance
t o d r o u g h t stress i n g r o u n d n u t i s g e n e r a l l y n e g a t i v e , b u t t he degree o f
r e l a t i o n s h i p va r i es d e p e n d i n g o n the t i m i n g , i n tens i t y , a n d d u r a t i o n o f t he stress
( N a g e s w a r a Rao e t a l . 1989). S t r o n g n e g a t i v e r e l a t i o n s h i p s b e t w e e n y i e l d p o t e n t i a l
a n d g e n o t y p i c res is tance t o stress m e a n t ha t d r o u g h t res is tance t ra i t s a n d y i e l d
p o t e n t i a l a re d i f f i c u l t t o c o m b i n e i n a b r e e d i n g p r o g r a m . W h e r e th i s r e l a t i o n s h i p
i s w e a k , s u c h a s t h e case o f r e c o v e r y f r o m e a r l y a n d m i d - s e a s o n d r o u g h t i n
g r o u n d n u t , t he re i s g rea te r scope f o r c o m b i n i n g d r o u g h t res is tance w i t h y i e l d
p o t e n t i a l .
I n g e n o t y p i c c o m p a r i s o n s a t d i f f e r e n t stress leve ls , the i d e a l response , as
i n d i c a t e d i n t he u p p e r response l i n e o f F i g u r e 2 , i s r a r e l y f o u n d . T h i s m a y b e
a t t r i b u t e d to a n e e d o f s t ress-res is tant g e n o t y p e s to d i v e r t e n e r g y to o v e r c o m e a 
stress, t o t he d e t r i m e n t o f y i e l d p o t e n t i a l i n the absence o f stress. A n e x a m p l e
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F i g u r e 2 . R e p r e s e n t a t i o n o f c o n t r a s t i n g g e n o t y p i c r e s p o n s e s t o e n v i r o n m e n t a l s t r e s s .
w o u l d b e i n h e r e n t l y g reater p a r t i t i o n i n g o f p h o t o s y n t h a t e s t o roo ts , r a t h e r t h a n
shoo ts , w h i c h w o u l d con fe r y i e l d advan tages t o s u c h g e n o t y p e s i n w a t e r - o r
n u t r i e n t - l i m i t e d e n v i r o n m e n t s ; b u t g reater p a r t i t i o n i n g t o r oo t s w o u l d b e a 
d i s a d v a n t a g e i n e n v i r o n m e n t s w h e r e w a t e r a n d / o r n u t r i e n t s are n o t l i m i t i n g .
H o w e v e r , t he re are e x c e p t i o n s t o t h i s a p p a r e n t nexus , t o w h i c h p h y s i o l o g i c a l
reasons c a n b e a t t r i b u t e d . O n e s u c h e x a m p l e i s t he case o f h y b r i d p i g e o n p e a ,
w h i c h y i e l d s r e l a t i v e l y be t te r t h a n p i g e o n p e a va r ie t i es i n b o t h d rough t - s t r essed
a n d w e l l - w a t e r e d e n v i r o n m e n t s (Saxena e t a l . 1992). I n t h i s case h y b r i d v i g o r
a l l o w s ea r l i e r f o r m a t i o n o f a l a rge r r o o t s y s t e m w i t h w h i c h t o c a p t u r e scarce
a v a i l a b l e s o i l w a t e r ( A S W ) i n a d r o u g h t e n v i r o n m e n t as w e l l as faster above -
g r o u n d g r o w t h , w i t h m o r e e f f i c ien t use o f l i g h t , w h e n A S W i s n o t l i m i t i n g .
T h e y i e l d p o t e n t i a l t h e m e m e n t i o n e d i n Table 2 i n c l u d e s poss ib i l i t i es o f
i m p r o v i n g y i e l d i n stress e n v i r o n m e n t s b y m a k i n g bet te r use o f e n v i r o n m e n t a l
fac to rs l i k e l y to be c o n s t r a i n i n g y i e l d p o t e n t i a l (see F i g . 1). I t a lso accoun ts f o r
y i e l d a d v a n c e s t ha t c a n b e m a d e b y the syne rg i s t i c effects o f c o m b i n i n g , b y p l a n t












W h e t h e r a i m i n g t o c lose the y i e l d g a p o r t o b r e a c h y i e l d ce i l i ngs w e r e c o m m e n d
t h a t a n i d e o t y p e a p p r o a c h b e f o l l o w e d . O r i g i n a l l y , t he i d e o t y p e concep t w a s
res t r i c t ed to essen t ia l l y m o r p h o l o g i c a l i d e o t y p e s , s u c h as a m o d i f i e d c r o p c a n o p y
s t r u c t u r e t o inc rease r a d i a t i o n use e f f i c i e n c y , f o l l o w i n g the p i o n e e r i n g w o r k o f
D o n a l d (1968). H o w e v e r , p r a c t i c a l i m p l e m e n t a t i o n o f th i s m o r e d i r e c t e d b r e e d i n g
a p p r o a c h has b e e n d i f f i c u l t f o r a n u m b e r o f reasons, s u c h as i n t e r r e l a t i o n s h i p s
a m o n g t ra i t s ( c o m p e n s a t i o n , p l e i o t r o p y , etc.) , l ack o f the des i red genet ic v a r i a n t s ,
a n d p r o b l e m s o f b r e e d i n g f o r m u l t i p l e t ra i t s ( R a s m u s s o n 1991, M a r s h a l l 1991).
H o w e v e r , w e p re fe r a b r o a d e r d e f i n i t i o n o f the i d e o t y p e concep t i n the f o r m o f
' f u n c t i o n a l i d e o t y p e s ' . T h i s can i n c l u d e spec i f i ca t i on o f the m a j o r m o r p h o l o g i c a l ,
p h e n o l o g i c a l , p h y s i o l o g i c a l , a n d b i o c h e m i c a l t ra i t s l i k e l y t o i m p r o v e y i e l d a n d
q u a l i t y i n a spec i f i ed ta rge t e n v i r o n m e n t (Saxena a n d Johansen 1990). O u r
a p p r o a c h t o i n c r e a s i n g y i e l d p o t e n t i a l , a s s u m i n g r a d i a t i o n i s the p r i m e l i m i t i n g
factor , i s based o n use o f s i m p l e p h y s i o l o g i c a l m o d e l s . P o d y i e l d u n d e r n o n -
l i m i t i n g c o n d i t i o n s ( Y p ) c a n be d e f i n e d as a f u n c t i o n o f r a d i a t i o n (R), r a d i a t i o n use
e f f i c iency ( R U E ) a n d ha rves t i n d e x ( H I ) , t ha t is :
Y p = R x R U E x H I
G e n o t y p i c i m p r o v e m e n t i s t h e n f ocused o n m o d i f y i n g m o d e l p a r a m e t e r s
f a v o r a b l y , t h r o u g h a f u n c t i o n a l i d e o t y p e a p p r o a c h . Fo r e x a m p l e , se lec t ion fo r
n a r r o w leaves c o u l d enhance y i e l d b y i nc reas ing R , b y a l l o w i n g m o r e l i g h t i n t o
t h e c a n o p y t o p e r m i t g rea ter c a n o p y p h o t o s y n t h e s i s ( N a g e s w a r a Rao e t a l . 1994).
Se lec t i on f o r R U E i s c o m p l e x , b u t recent s tud ies h a v e i n d i c a t e d t ha t R U E u n d e r
n o n - l i m i t i n g c o n d i t i o n s i s s t r o n g l y co r re la ted w i t h speci f ic leaf area ( leaf area pe r
u n i t d r y w e i g h t o f lea f ) . T h u s se lec t i ng f o r speci f ic t ra i t s tha t enhance m o d e l
p a r a m e t e r s , a n d c o m b i n i n g t h e m , s h o u l d l ead to greater Y P . 
D e s p i t e f u r t h e r c o m p l i c a t i n g t he genet ic e n h a n c e m e n t process b y a t t e m p t i n g
t o assemb le a n e v e n w i d e r r a n g e o f t ra i t s , s u c h a n a p p r o a c h i s b e c o m i n g
i n c r e a s i n g l y v i a b l e f o r th ree m a i n reasons. F i rs t l y , k n o w l e d g e o f the p h y s i o l o g y o f
c o m p o n e n t processes a n d the i r i n t e r a c t i o n s i s i nc reas ing r a p i d l y . Second ly , t he
recen t a d v a n c e s i n m o l e c u l a r b i o l o g y h a v e m a d e i t poss ib le t o i d e n t i f y genes
assoc ia ted w i t h p a r t i c u l a r a g r o n o m i c a l l y u s e f u l t ra i t s . Fu r the r , there i s a r a p i d l y
e v o l v i n g a b i l i t y t o i so la te a n d t rans fe r these genes f r o m s e c o n d a r y gene poo l s .
T h i r d l y , o u r a b i l i t y t o m o d e l c rops , p l a n t s a n d processes m a t h e m a t i c a l l y has
e x p a n d e d r e c e n t l y T h i s ranges f r o m the r e l a t i v e l y c o m p l e x c r o p s i m u l a t i o n
m o d e l s , s u c h a s P N U T G R O (Boote e t a l 1992) t o s i m p l e r a n a l y t i c a l m o d e l s
d e s i g n e d t o i m p r o v e t he e f f i c iency o f b r e e d i n g e f fo r ts ( W i l l i a m s 1992). S u c h
m o d e l s p e r m i t be t te r a p r i o r i ana l ys i s o f ef fects o f i n c o r p o r a t i n g a t ra i t , t a k i n g i n t o
c o n s i d e r a t i o n t he v a r i o u s c o m p e n s a t o r y a n d i n t e r a c t i v e effects t ha t c o u l d d i l u t e
the o r i g i n a l l y p u r p o r t e d u l t i m a t e bene f i t o f t he t ra i t . T h i s saves resources i n
e x p e r i m e n t a t i o n a i m e d a t c o n f i r m i n g a t ra i t ' s v a l u e a n d g u i d e s i ts m o s t e f f i c ien t
i n c o r p o r a t i o n , i f i t i s c o n c l u d e d t ha t i t i s w o r t h w h i l e t o d o so.
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I t needs t o b e e m p h a s i z e d , h o w e v e r , t ha t s u c h f u n c t i o n a l i d e o t y p e s s h o u l d b e
t a i l o r e d f o r a p r e d e f i n e d ta rge t e n v i r o n m e n t . As an e x a m p l e , t ra i t s a p p l i c a b l e to a 
g r o u n d n u t i d e o t y p e ta rge ted to a r a i n f e d , r e l a t i ve l y shor t -season, l o n g - d a y
e n v i r o n m e n t p r o n e t o i n t e r m i t t e n t d r o u g h t stress w o u l d i n c l u d e : r a p i d ra te o f
e m e r g e n c e , e a r l y g r o w t h v i g o r (shoots a n d roo ts ) , ear l iness (o f f l o w e r i n g ) ,
i n s e n s i t i v i t y t o p h o t o p e r i o d , h i g h R U E ( n a r r o w leaves) , h i g h wa te r -use-e f f i c iency
( t h i c k leaves) , r a p i d ra te o f d r y m a t t e r p a r t i t i o n i n g t o p o d s , a n d m i n i m a l t h e r m a l
t i m e t o p h y s i o l o g i c a l m a t u r i t y I n th i s w a y w e w o u l d expect t o d e v e l o p q u i t e
d i f f e r e n t i d e o t y p e s f o r c o n t r a s t i n g e n v i r o n m e n t s .
G r o u n d n u t as a C o m p o n e n t of Sustainable
C r o p p i n g Systems
M a x i m i z a t i o n o f y i e l d o f g r o u n d n u t s h o u l d n o t b e c o n s i d e r e d i n i s o l a t i o n f r o m
the l o n g - t e r m s u s t a i n a b i l i t y o f t he c r o p p i n g s y s t e m i n w h i c h i t i s g r o w n . Rather ,
t he a i m s h o u l d b e t o o p t i m i z e y i e l d o f the en t i r e c r o p p i n g s y s t e m i n a sus ta inab le
m a n n e r . As a l e g u m e , the re i s scope to i m p r o v e the n i t r o g e n - f i x a t i o n capac i t y o f
g r o u n d n u t s o tha t t he c r o p n o t o n l y mee ts i ts o w n N r e q u i r e m e n t s t h r o u g h N 2 -
f i x a t i o n b u t a lso c o n t r i b u t e s p o s i t i v e l y t o t he N ba lance o f t he en t i r e c r o p p i n g
s y s t e m . H o w e v e r , t he la t te r g o a l i s m o r e d i f f i c u l t t o ach ieve i n g r o u n d n u t t h a n i n
o t h e r g r a i n l e g u m e s a s the c r o p m u s t b e u p r o o t e d , w i t h h a u l m s , p o d s , a n d u p p e r
r o o t f r ac t i ons u s u a l l y r e m o v e d f r o m the f i e l d .
P ro toco l s h a v e been d e v e l o p e d f o r i d e n t i f y i n g l e g u m e g e n o t y p e s w i t h
g e n e t i c a l l y g rea te r N 2 - f i x a t i o n capac i ty , e v e n f r o m w i t h i n e x i s t i n g c u l t i v a r s (e.g. ,
R u p e l a 1994). Fu r t he r , as the presence o f e v e n m o d e r a t e leve ls o f so i l m i n e r a l N 
i n h i b i t s n o d u l a t i o n a n d N 2 f i x a t i o n i n l e g u m e s i n c l u d i n g g r o u n d n u t , N 2 - f i x a t i o n
s y m b i o s e s t o l e ran t o f m o d e r a t e m i n e r a l N leve ls are b e i n g s o u g h t (Rupe la a n d
Johansen 1995).
Conclus ion
T h e a b o v e ana l ys i s suggests t h a t o u r m a i n research e m p h a s i s s h o u l d b e focused
o n b r i d g i n g i d e n t i f i e d y i e l d gaps , r a the r t h a n t r y i n g t o increase y i e l d p o t e n t i a l i n
f a v o r a b l e e n v i r o n m e n t s e v e n fu r t he r . I t i s p r o p o s e d t ha t a f u n c t i o n a l i d e o t y p e
a p p r o a c h w i l l f ac i l i t a te genet ic i m p r o v e m e n t a t t e m p t s i n th i s r e g a r d . H o w e v e r ,
d u e e m p h a s i s s h o u l d b e g i v e n t o the t o ta l c r o p p i n g s y s t e m i n w h i c h g r o u n d n u t i s
g r o w n , b y c o n s i d e r i n g w a y s o f e n h a n c i n g the N 2 - f i x a t i o n capac i t y o f g r o u n d n u t .
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Theoretical Foundations for H igh Yield
of Groundnut in China
Sun Yanhao, Tao Shouxiang, and Wang Caibin1
Abstract
In C h i n a , g r o u n d n u t y i e l d s of 6.0-7.5 t p o d s ha - 1 o v e r a la rge area, a n d 10.5 t p o d s
ha - 1 o v e r a s m a l l area w e r e o b t a i n e d u n d e r i n t e n s i v e c u l t i v a t i o n . G r o u n d n u t i s
c o n s i d e r e d a v e r y p h o t o s y n t h e t i c a l l y e f f i c ien t c r o p , a n d i n t h e o r y i ts p o t e n t i a l
y i e l d c a n reach as h i g h as 17.3 t ha - 1 . F o r h i g h y i e l d s i t i s necessary to increase the
t o t a l b i o m a s s , a n d t o i m p r o v e t he ha rves t i n d e x . E m p h a s i s s h o u l d b e p l a c e d o n
a d o p t i n g va r i e t i es w i t h h i g h - y i e l d i n g p l a n t - t y p e s , i nc reas ing p l a n t s t and pe r u n i t
area, r a i s i n g the t o ta l p o d n u m b e r , a n d s t a b i l i z i n g the p o d n u m b e r k g - 1 p o d s .
S u g g e s t i o n s f o r h i g h - y i e l d i n g g r o u n d n u t c u l t i v a t i o n i n c l u d e m e t h o d s u s e d t o
create a su i t ab le so i l s t r u c t u r e ; ba lanced fe r t i l i ze r a p p l i c a t i o n , based on the
a m o u n t a b s o r b e d b y the p l a n t ; e m p h a s i s o n a p p l y i n g f e r t i l i ze r t o p r e c e d i n g c rops ;
b u i l d i n g u p a r a t i o n a l p l a n t p o p u l a t i o n s t r u c t u r e w i t h h e a l t h y a n d v i g o r o u s
seed l i ngs ; s t r e n g t h e n i n g f i e l d m a n a g e m e n t ; a n d u s i n g sus ta inab le m e t h o d s t o
create eco log i ca l c o n d i t i o n s tha t ensure h i g h a n d s tab le y i e l d s .
In t roduct ion
I n C h i n a , t r a d i t i o n a l c u l t i v a t i o n p rac t i ces resu l t ed i n l o w g r o u n d n u t p r o d u c t i o n
w i t h y i e l d s f r o m s m a l l areas b e i n g b e l o w 4.5 t ha - 1 . Consequen t l y , g r o u n d n u t w a s
r e g a r d e d a s a l o w - y i e l d i n g c r o p u n t i l t he 1970s, w h e n s tud ies a i m e d a t i m p r o v i n g
c u l t i v a t i o n a n d i n c r e a s i n g y i e l d s m a d e a b r e a k t h r o u g h . I n 1993, the t o t a l area
s o w n i n C h i n a w a s 3.38 m i l l i o n h a w i t h a n average y i e l d o f 2.5 t . S h a n d o n g
P r o v i n c e g r o u n d n u t area w a s 0.8 m i l l i o n h a , y i e l d i n g 3.5 t ha - 1 . T h i s p r o v i n c e
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sha t te red t h e h i g h - y i e l d r e c o r d f o r a s m a l l area, as the y i e l d i m p r o v e d f r o m 6-7.5 t 
ha - 1 i n t h e 1970s ( P a n q u i a o 1979, L i u J i n l i a n g e t a l . 1980, S u n Yanhao 1982) to
9.4-10.5 t ha - 1 in t he 1980s ( S u n Yanhao e t a l . 1984), s h o w i n g t ha t g r o u n d n u t w a s a 
h i g h - y i e l d i n g c r o p . T h i s p a p e r d iscusses the n e w c u l t u r a l p rac t ices r e s u l t i n g i n
these i m p r o v e d y i e l d s .
T h e Theoret ica l Foundat ion o f H i g h Yields for G r o u n d n u t
Photosynthet ic Eff iciency
G r o u n d n u t has h i g h p h o t o s y n t h e t i c e f f i c iency a l t h o u g h i t i s a C 3 p l a n t . S u n
Y a n h a o e t a l . (1984), s h o w e d tha t g r o u n d n u t needed s t r o n g l i g h t . T h e l i g h t
s a t u r a t i o n p o i n t o f a g r o u n d n u t p o p u l a t i o n w a s n o t o b v i o u s e v e n w h e n the l i g h t
i n t e n s i t y w a s a b o u t 1 1 m i l l i o n l u x ( f u l l d a y l i g h t ) , w h i l e the l i g h t c o m p e n s a t i o n
p o i n t o c c u r r e d w h e n the l i g h t i n t e n s i t y w a s r e d u c e d t o 800 l u x . T h e ne t
a s s i m i l a t i o n ra te ( N A R ) o f 8 -week o l d H a i h u a 1 g e n o t y p e w a s (50 m g C O 2 d m - 2 )
d - 1 i n a c r o p c a n o p y a n d (34 m g C O 2 d m - 2 ) h - 1 f o r a s ing le leaf. T h e ra te o f
p h o t o s y n t h e t i c change o f the p o p u l a t i o n p e r d a y w a s a u n i m o d a l p e a k c u r v e , b u t
o f a s i n g l e lea f w a s a d o u b l e - p e a k e d c u r v e , i n w h i c h the h i g h e r p e a k w a s a t 1100
h , t he t r o u g h a t 1500 h , a n d the l o w e r p e a k a t 1600 h . I t w a s r e p o r t e d (SPRI
C u l t i v a t i o n D e p a r t m e n t 1973) t ha t the N A R o f a s ing le leaf o f 4 - w e e k o l d N C A 4
w a s (51 m g C O 2 d m - 1 ) h - 1 , w h i c h w a s h i g h e r t h a n s o m e o the r C 3 c rops . T h e
p h o t o s y n t h e t i c e f f i c i ency o f g r o u n d n u t w a s h i g h e r t h a n t ha t o f s o y b e a n a n d
m a i z e u n d e r w e a k l i g h t a n d i t w o u l d reach (40 m g C O 2 d m - 2 ) h - 1 u n d e r 4 m i l l i o n
l u x , w h i c h w a s d o u b l e t ha t o f soybean . The re fo re g r o u n d n u t c o u l d b e cons ide red
a c r o p o f h i ghe r , r a t h e r t h a n l o w e r p h o t o s y n t h e t i c ef f ic iency.
Y i e l d Potent ia l
T h e y i e l d p o t e n t i a l es t imated b y rad ia t ion use efficiency. T h e y i e l d o f the
s h o r t - d u r a t i o n , m e d i u m - b o l d - p o d d e d Span ish c u l t i v a r s w a s 11.9 t ha - 1 , based on
the m a x i m u m lea f area i n d e x ( L A I ) a n d N A R (Sun Yanhao 1982) ove r 6 0 d a y s
( f r o m t h e f l o w e r i n g a n d p e g g i n g phase t o p o d - m a t u r i n g phase) i n G u a n g d o n g
P r o v i n c e , s o u t h e r n C h i n a ; a n d the h i g h e s t p o d y i e l d o f m e d i u m - d u r a t i o n
g r o u n d n u t w a s 17.3 t ha - 1 d e t e r m i n e d by r a d i a t i o n use ef f ic iency, w h i c h w a s 5.4%
o v e r 8 0 d a y s ( the phase f r o m p o d s e t t i n g t o p o d m a t u r i t y ) i n S h a n d o n g P r o v i n c e ,
n o r t h e r n C h i n a ( S i m Y a n h a o e t a l . 1982).
T h e p o t e n t i a l es t imated f r o m y i e l d structure factors. T h e k e y t o r e s o l v i n g the
p r o b l e m o f the l i m i t s set b y i n c i d e n t r a d i a t i o n i s t o get m o r e m a t u r e p o d s . U n d e r
t h e p r e s e n t c u l t i v a t i o n s y s t e m , t he p l a n t p o p u l a t i o n i s s h o r t o f l i g h t , w h i c h i s the
l i m i t i n g f ac to r t o p r o d u c t i o n o f i n d i v i d u a l p l a n t s .
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I t w a s e s t i m a t e d t h a t p o d y i e l d c o u l d reach 14 t ha - 1 i n h i g h - y i e l d i n g areas.
The re fo re , i t m a y b e d e d u c e d f r o m the above ana lys is t ha t s o m e k e y c u l t u r a l
measu res are r e q u i r e d : c r e a t i n g a r a t i o n a l p o p u l a t i o n s t ruc tu re , e m p h a s i z i n g the
m a n a g e m e n t , i m p r o v i n g the n u m b e r s o f 2-seeded m a t u r e p o d s , i nc reas ing the
t o t a l p o d n u m b e r , a n d s t a b i l i z i n g the p o d n u m b e r s k g - 1 .
A c c u m u l a t i o n a n d D i s t r i b u t i o n o f Total Biomass
Leaf area index ( L A I ) a n d net ass imi la t ion rate ( N A R ) . I n a h i g h - y i e l d i n g
g r o u n d n u t p o p u l a t i o n the y i e l d i s based o n the to ta l b i omass w h i c h i s d e p e n d e n t ,
i n t u r n , on the leaf area o f a l a rge p o p u l a t i o n a n d a h i g h p h o t o s y n t h e t i c ra te . I n
s u c h a p o p u l a t i o n the m o s t p r o d u c t i v e L A I i s f r o m the f l o w e r - p e g g i n g phase t o
the p o d - s e t t i n g phase , a p e r i o d o f a b o u t 6 0 d a y s , d u r i n g w h i c h the L A I increases
g r a d u a l l y f r o m 3.0-3.7 to a s h a r p p e a k o f 5.0-5.5 a n d t h e n dec l ines s l o w l y t o
3.5-3.0. A t t he s a m e t i m e the N A R f o l l o w s a s i g m o i d c u r v e , d e c l i n i n g f r o m 9.5-7.6
g m - 2 d 2 to 4-2 g m - 2 d - 1 . D u r i n g th i s a p p r o x i m a t e l y 60 d a y p e r i o d the
p h o t o s y n t h e t i c mass i s 68-70% o f t he t o ta l b i omass (F ig . 1).
T h e d i s t r i b u t i o n rate o f the total b iomass. A n increase i n t o ta l b i o m a s s i s
p o s i t i v e l y co r re l a ted w i t h e c o n o m i c y i e l d o v e r a l i m i t e d r a n g e (R=0.914), w h i l e i t
i s n e g a t i v e l y co r re l a ted w i t h the V / R ( the r a t i o o f vege ta t i ve o rgans t o
r e p r o d u c t i v e o rgans ) , (R=-0.636) (F ig . 2). A n increase i n t o t a l b i o m a s s resu l ts i n
h i g h e r y i e l d s . T h i s can b e a c h i e v e d b y a r a t i o n a l d i s t r i b u t i o n o f d r y ma t te r , b y
i m p r o v i n g t he t rans fe r o f p h o t o s y n t h a t e s f r o m the v e g e t a t i v e s t ruc tu res t o the
r e p r o d u c t i v e o rgans , a n d dec reas ing the V / R r a t i o a n d i nc reas ing the e c o n o m i c
i n d e x ( p o d mass / t o t a l b iomass ) .
T h e Structure a n d Appearance o f H i g h - y i e l d i n g G r o u n d n u t Plants
A su i t ab le g r o u n d n u t v a r i e t y i s the basis o f h i g h y i e l d a n d the f o l l o w i n g
charac te r i s t i cs w o u l d b e des i rab le .
• G r e e n leaves i n c l i n e d u p w a r d s
G r o u n d n u t c o u l d h a v e h i g h e r p h o t o s y n t h e t i c e f f i c iency i f the leaves w e r e d a r k
g r e e n a n d i n c l i n e d a t a n a n g l e o f 45° t o the m a i n s t em.
• A l t e r n a t e b r a n c h i n g types
T h e t o ta l n u m b e r o f b ranches o f these c u l t i v a r s i s a b o u t 9 i n an average
p o p u l a t i o n , a n d the e f fec t i ve b ranches are 9 0 % o r m o r e o f the t o ta l b ranches .
T h e f r u i t i n g b ranches are h e a l t h y a n d s t r o n g b u t f e w i n n u m b e r s o t h a t passage
o f l i g h t a n d a i r i s m a x i m i z e d . For h i g h b r a n c h i n g t ypes , h o w e v e r , there are
m o r e t h a n 1 5 b ranches , a n d f e w e r t h a n 4 0 % o f b ranches are e f fec t i ve . M a n y
ine f f ec t i ve b ranches cause p o o r v e n t i l a t i o n a n d passage o f l i g h t
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F i g u r e 1 . T h e d y n a m i c s o f leaf a r e a i n d e x (LA I ) a n d ne t a s s i m i l a t i o n ra te ( N A R ) o f
g r o u n d n u t va r ie ty X u z h o u 6 8 - 4 , S h a n d o n g P e a n u t R e s e a r c h Inst i tu te , C h i n a .
• S e q u e n t i a l b r a n c h i n g types
T h e i n d e t e r m i n a t e g r o w t h hab i t o f sequen t i a l b r a n c h i n g t ypes means there i s
less s y n c h r o n y o f p o d m a t u r i t y t h a n f o r a l te rna te b r a n c h i n g t ypes . H o w e v e r ,
t h e f r u i t - b e a r i n g i n d e x a n d p o d - m a t u r i t y i n d e x are h i g h e r t h a n those o f t he
a l t e rna te b r a n c h i n g t y p e .
• Shor t p e g g e d , a n d l a rge -podded types
T h e pegs o f s h o r t - s t a t u r e d va r ie t i es t ha t enter the so i l a n d bear f r u i t s are ear l ie r
a n d neater t h a n those o f ta l l va r ie t ies . A t the same degree o f m a t u r i t y a n d
p l a n t i n g d e n s i t y the i n d i v i d u a l f r u i t b e a r i n g i s no t m a r k e d l y d i f f e ren t .
• S h o r t p l a n t s are less p r o n e to l o d g i n g .
F a c t o r s I n f l u e n c i n g I m p r o v e d Y i e l d s
Factors. To ta l g r o u n d n u t y i e l d i s d e t e r m i n e d b y the n u m b e r o f p l a n t s i n a u n i t
area, a n d p r o d u c t i v i t y o f s i ng l e p l a n t s , a n d the p r o d u c t i v i t y o f a s i ng le p l a n t i s
d e t e r m i n e d b y the n u m b e r o f p o d s . The re fo re y i e l d = p l a n t p o p u l a t i o n i n a u n i t
area x p e r p l a n t p o d n u m b e r s x u n i t p o d mass . O f the th ree fac tors , t h e p l a n t




Number of days after sowing
F i g u r e 2 . D y n a m i c s o f e c o n o m i c y ie ld for a h i g h - y i e l d i n g g r o u n d n u t var ie ty ( X u z h o u
6 8 - 4 ) , S h a n d o n g P e a n u t R e s e a r c h Inst i tu te , C h i n a , 1979 .
d e p e n d e n t o n the p l a n t p o p u l a t i o n i n a u n i t area, a n d hence d i f f e ren t y i e l d s can
b e a t t a i n e d .
Structure . T h e i n d e x e s o f h i g h y i e l d s t r uc tu re are: the ha rves ted p l a n t n u m b e r s
in a u n i t area are 195000-236000 p l a n t s ha - 1 , pe r p l a n t p o d n u m b e r s are 17.1-20.0,
the to ta l p o d n u m b e r ha - 1 i s m o r e t h a n 4.5 m i l l i o n ha - 1 , p o d n u m b e r s pe r kg are
450 or less, a n d the theo re t i ca l y i e l d i s 8.2-8.7 t ha - 1 , w h i l e the ha rves ted y i e l d i s
8.0-8.3 t ha - 1 (Table 1), d u r i n g 1979-83. Y ie lds o b t a i n e d d u r i n g 1989-91 w e r e m u c h
h ighe r .
C u l t u r a l Practices to A t ta in a H i g h Y ie ld of G r o u n d n u t
Create a d e e p , loose, a n d fer t i le soi l structure. T h e w h o l e h o r i z o n s h o u l d be
m o r e t h a n 5 0 c m d e e p , the p l o w layer a b o u t 0-30 c m , the f r u i t - b e a r i n g layer
( l o a m y sand ) 0-10 cm deep . Table 2 s u m m a r i z e s o p t i m a l character is t ics o f so i l
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Table 1 . Factors d e t e r m i n i n g h i g h y i e l d i n g r o u n d n u t , S h a n d o n g Peanut
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o r g a n i c m a t t e r c o n t e n t o f 0 .654 .10%, t o t a l N 0.06-0.09%, ava i l ab le P 11-22 mg k g - 1 ,
a v a i l a b l e K 50-80 mg k g - 1 , a n d Ca 0.11-0.18%. The re fo re , wa te r , f e r t i l i t y , a e r a t i o n ,
a n d t e m p e r a t u r e a l l a f fect g r o u n d n u t g r o w t h . T h e p r o p e r m a n a g e m e n t o f t i l l a g e
is as f o l l o w s :
• So i ls w i t h s h a l l o w , t h i n h o r i z o n s s h o u l d b e d e e p - p l o w e d , a n d p r e p a r e d be fo re
w i n t e r i n o r d e r t o d e e p e n the c u l t i v a t i o n layer . Soi ls w i t h a d e e p , t h i c k h o r i z o n
t h a t i s s h a l l o w l y p l o w e d yea r a f te r y e a r s h o u l d b e d e e p - p l o w e d la te i n t he yea r
t o b r e a k the p l o w p a n . So i l t ha t has been p r o p e r l y t i l l e d f o r m a n y years , w h i c h
has a loose u p p e r layer , a n d f i r m l o w e r layer , s h o u l d b e t i l l e d t o d i f f e r e n t d e p t h s
each season i n o r d e r t o p r e v e n t p a n f o r m a t i o n .
• I n o r d e r t o i m p r o v e the f r u i t - b e a r i n g layer , t he so i l h o r i z o n s h o u l d b e
a m e l i o r a t e d b y a d d i n g s a n d t o c lay so i l , a n d b y i m p r o v i n g s a n d y so i l .
• I m p r o v e s o i l f e r t i l i t y b y g r o w i n g s u c h c rops a s cereal , c o t t o n , y a m , a n d
vege tab les in a 3-4 yea r r o t a t i o n .
T a b l e 2 . So i l structure su i tab le for g r o u n d n u t cu l t iva t ion in C h i n a .
D e p t h
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So i l t e x t u re
L o a m y f i n e s a n d t o
L o a m y coarse s a n d y g r a i n
L o a m y f i n e s a n d t o
S a n d y c l ay l o a m
S a n d y c lay l o a m
Balanced n o u r i s h m e n t . T h e r e q u i r e m e n t t o ba lance n o u r i s h m e n t t o g r o u n d n u t
increases a s s o i l f e r t i l i t y a n d p o d y i e l d increase. T h e a m o u n t o f n i t r o g e n o b t a i n e d
f r o m r h i z o b i a i s r e d u c e d a s s o i l f e r t i l i t y a n d p o d y i e l d s increase. U n d e r l o w - y i e l d
c o n d i t i o n s t he c r o p needs 5 kg N , 0.44 kg P a n d 1.66 kg K to p r o d u c e 100 kg p o d s .
D u r i n g t he g r o w i n g s tage, t he a m o u n t o f N f r o m r h i z o b i a i s 79.0-87.5% o f t he t o t a l
N r e q u i r e d by p l a n t s ( Z h a n g S isu e t a l . 1989). U n d e r h i g h - y i e l d c o n d i t i o n s , t he
c r o p needs 5.5 kg N , 1.1 kg P a n d 3.3 kg K , a n d the a m o u n t o f N o b t a i n e d f r o m
r h i z o b i a i s 35.6-52.7% o f t he t o t a l N r e q u i r e d . A l l these n u t r i e n t s , w i t h t he
e x c e p t i o n o f f e r t i l i z e r N , are m a i n l y f r o m so i l , w h i l e the fe r t i l i ze r a p p l i e d t o
c u r r e n t c r o p s i s n o t a b s o r b e d t o a n y great ex ten t .
G r o u n d n u t c r o p s d u r i n g p o d - s e t t i n g need 55.65% N, 50.66% P , a n d 32 .21% K o f
t o t a l n u t r i e n t s a b s o r b e d d u r i n g t he en t i r e g r o w i n g season. A t f l o w e r i n g a n d
p e g g i n g t h e p l a n t needs 27 .5% N, 34.8% P, a n d 47.25% K o f the t o t a l abso rbed
n u t r i e n t s . G r o u n d n u t s h a v e t he capac i t y t o abso rb f e r t i l i ze r n o t o n l y d i r e c t l y
t h r o u g h t h e i r r oo t s , b u t a lso t h r o u g h the i r leaves, pegs , a n d d e v e l o p i n g p o d s .
T o ach ieve a d e q u a t e p l a n t n o u r i s h m e n t :
• F e r t i l i z e t he p r e c e d i n g c r o p , a n d c o m p l e m e n t t he so i l f o r the c u r r e n t c r o p .
• Basa l f e r t i l i z e r i s the m a j o r r e q u i r e m e n t , a n d topd ressed fe r t i l i ze r i s
s u p p l e m e n t a r y
• Ba lance the ra te o f f e r t i l i ze r a p p l i c a t i o n based on the a m o u n t abso rbed by
g r o u n d n u t s i n l o w - y i e l d i n g f i e lds . I n h i g h - y i e l d i n g f i e l d s , a p p l y h a l f the N ,
t w i c e the P a n d a l l t he K as a basa l a p p l i c a t i o n , a n d at leve ls t ha t can ad jus t t he
a m o u n t o f N , P a n d K i n the s o i l , w h i l e m a i n t a i n i n g the l eve l o f N d e r i v e d f r o m
r h i z o b i a t o i m p r o v e y i e l d s .
Create a p l a n t p o p u l a t i o n structure w i t h more a n d hea l thy plants . To create an
a p p r o p r i a t e p o p u l a t i o n i t i s m o s t i m p o r t a n t t o d e t e r m i n e the p l a n t i n g dens i ty . I t i s
r e p o r t e d ( S u n Y a n h a o e t a l . 1984) t ha t h i g h - y i e l d i n g p o p u l a t i o n d e n s i t y i s c lose ly
c o r r e l a t e d w i t h p l a n t h e i g h t . T h e l e n g t h o f la te ra l b ranches c an b e a n i m p o r t a n t
bas is b y w h i c h t o ca lcu la te p l a n t i n g d e n s i t y s ince th i s i s p r o p o r t i o n a l l y re la ted t o
i n t e r - r o w d i s t ance a n d h i l l s p a c i n g .
T h e e m p i r i c a l i n d e x e s u s e d t o d e t e r m i n e p l a n t d e n s i t y are:
• B u n c h t y p e s : i n t e r - r o w d i s tance = la te ra l b r a n c h l e n g t h x 0.95
h i l l s p a c i n g = la te ra l b r a n c h l e n g t h x 0.38
• T h i c k b r a n c h i n g : i n t e r - r o w d i s tance = la te ra l b r a n c h l e n g t h
t y p e s h i l l s p a c i n g = la te ra l b r a n c h l e n g t h x 0.44
R o w , h i l l s p a c i n g , a n d p l a n t dens i t i es o f p o p u l a r c u l t i v a r s are g i v e n i n Table 3 .
A n es tab l i shed h i g h - y i e l d i n g p o p u l a t i o n o f h e a l t h y y o u n g seed l i ngs i s t h e
f o u n d a t i o n o f a g o o d g r o u n d n u t c r o p . Seed l ings w i t h a g e r m i n a t i o n ra te o f
95 -99% are r e q u i r e d . I t i s i m p o r t a n t t o ensu re e a r l y emergence , r a p i d
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Tab le 3 . A p p r o p r i a t e p o p u l a t i o n densit ies for g r o u n d n u t var iet ies , S h a n d o n g
Peanut Research Ins t i tu te , 1985.
Var ie t i es
H a i h u a 1 
( B u n c h t y p e , s h o r t
s t a t u r e d , m e d i u m -
m a t u r i n g )
X u z h o u 68-4
( B u n c h t y p e , t a l l ,
m e d i u m - m a t u r i n g )
L u h u a 9 
( B u n c h t y p e , t a l l ,
e a r l y - m a t u r i n g )
H u a 17 
( T h i c k b u n c h t y p e ,
s h o r t s t a t u r e d ,
m e d i u m - m a t u r i n g )
L a t e r a l
b r a n c h












H i l l
s p a c i n g





H i l l
n u m b e r
( t h o u s a n d Seed





d e v e l o p m e n t a b u n d a n t f l o w e r i n g , g o o d capac i t y f o r a b s o r b i n g w a t e r a n d
n u t r i e n t s , a n d a h i g h p h o t o s y n t h e t i c ra te .
Seedling management.
• C h o o s e f i r s t g r a d e seed w i t h a h i g h g e r m i n a t i o n pe rcen tage , a n d fac i l i ta te
g e r m i n a t i o n b y t r e a t i n g the seeds w i t h pes t i c ides , m i c r o - n u t r i e n t s , a n d
r h i z o b i a l i n o c u l a n t .
• S o w a t t he a p p r o p r i a t e t i m e , w h e n the average so i l t e m p e r a t u r e a t 5 - cm d e p t h
i s m o r e t h a n 15°C. T h e s o i l t e m p e r a t u r e 5 c m b e l o w p o l y t h e n e f i l m m u l c h i s
2.5-4.0°C h i g h e r t h a n t ha t o f so i l i n t he o p e n air. S o w i n g , the re fo re , can b e
a d v a n c e d 7-10 d a y s b y t he use o f p o l y t h e n e f i l m m u l c h .
• T h e bes t s o w i n g d e p t h i s 3 c m u n d e r p o l y t h e n e f i l m m u l c h a n d 1 c m f o r
n o n m u l c h e d f i e l ds . S o w t w o seeds p e r h i l l a n d a p p l y pes t i c ides .
M a i n t a i n steady g r o w t h a n d hea l thy p lants . T h e s e e d l i n g phase i s f r o m 5 0 %
e m e r g e n c e t o w h e n 10% p l a n t s are f l o w e r i n g . T h i s phase i s 20-25 d a y s f o r e a r l y
m a t u r i n g va r i e t i es , a n d 25-30 d a y s f o r t he m e d i u m - m a t u r i n g va r ie t i es . T h i s i s the
v e g e t a t i v e g r o w t h phase , a n d i s cha rac te r i zed b y a m a i n s t e m a b o u t 6 -7cm h i g h ,
l a t e r a l b ranches 7.5-8.8 c m l o n g , p l a n t f ea tu re i n d e x ( the r a t i o o f l a te ra l b ranches
t o m a i n s t e m ) m o r e t h a n 1 , c o m p o u n d leaves o n the m a i n s t e m 7-8, a n d the m a i n
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r o o t a b o u t 6 0 c m l o n g . T h e f i r s t f l o w e r b u d s o n la te ra l b ranches d i f f e ren t i a te
b e t w e e n n o d e s 5-7. F l o w e r s emerge o n the basa l nodes , a n d the t h i r d l a te ra l
b ranches d i f f e r e n t i a t e f r o m the f i r s t e m e r g e d b ranches . A t t h i s s tage to ta l p l a n t
d r y mass i s 7.5-8.9% o f t he t o t a l b i omass o f the m a t u r e p l a n t . M a n a g e m e n t f o r th i s
s tage i n c l u d e s i n t e r c u l t u r e , wa te r , a n d n u t r i e n t m a n a g e m e n t .
T h e f l o w e r i n g a n d p e g g i n g phase i s the t i m e f r o m f l o w e r i n g t o w h e n 10% o f
t he p l a n t s h a v e f o r m e d p o d s ( w i t h k e r n e l v i s i b l e a n d ed ib le ) . I n e a r l y - m a t u r i n g
va r i e t i es i t i s 20-25 d a y s af ter t he s e e d l i n g phase , a n d 25-30 d a y s i n m e d i u m -
m a t u r i n g va r ie t i es . A t t h i s s tage, the m a i n s t e m i s 20.8-27.0 c m h i g h , w i t h 14-16
c o m p o u n d leaves , the l a te ra l b ranches are 26.3-32.5 cm l o n g , p l a n t fea tu re i n d e x i s
1.20-1.26, a n d t h e m a i n r o o t i s a b o u t 8 0 c m l o n g . I n a s ing le p l a n t 5 0 % o f ea r l y
f l o w e r s b e c o m e pegs , 2 0 % o f w h i c h en te r t he so i l a n d f o r m y o u n g p o d s . T h e to ta l
d r y m a t t e r mass i s 25.0-27.0% o f the w h o l e l i f e d r y m a t t e r mass. M a n a g e m e n t o f
th i s phase i n c l u d e s w a t e r a n d n u t r i e n t m a n a g e m e n t , a n d c o n t r o l o f insect pests
a n d diseases.
T h e p o d - f o r m i n g phase i s the t i m e f r o m p o d f o r m a t i o n t o w h e n 10% o f the
p l a n t s h a v e m a t u r e p o d s . T h i s takes 35-40 d a y s i n e a r l y - m a t u r i n g va r ie t ies , a n d
45-50 d a y s i n m e d i u m - m a t u r i n g va r ie t i es . I n th is phase , the m a i n s t e m i s 38.0-47
c m h i g h , w i t h 18-20 c o m p o u n d leaves, the f i r s t l a te ra l b ranches are 44.0-54.0 c m
l o n g , t he m a i n r o o t i s a b o u t 100 c m l o n g , p l a n t fea tu re i n d e x i s a b o u t 1.2. A t th is
s tage, 60-70% o f the p o d s are f o r m e d , a n d p l a n t d r y m a t t e r mass i s 65.2%-66.5% o f
t he w h o l e l i f e d r y m a t t e r mass . M a n a g e m e n t f o r th is phase i n c l u d e s c o n t r o l o f
d iseases, to a v o i d e a r l y lea f senescence.
T h e p o d - f o r m a t i o n phase , w h i c h i s w h e n r e p r o d u c t i o n i s the p r i m e g r o w t h
stage, i s t he t i m e f r o m w h e n 10% o f the p l a n t s h a v e m a t u r e p o d s t o t he p o d -
f o r m i n g i n d e x o f a s i ng le p l a n t b e i n g 50-70%. T h i s takes 25-30 d a y s i n ea r l y -
m a t u r i n g va r i e t i es , a n d 35-40 d a y s i n m e d i u m - m a t u r i n g var ie t ies . T h e m a i n s t e m
i s 39.0-48.0% c m h i g h , w i t h 4-6 leaves, l a te ra l b ranches are 45.1-54.6 c m l o n g , a n d
p l a n t f ea tu re i n d e x i s 1.15. T h e inc reased mass o f p o d s i s 50-70% o f the w h o l e d r y
m a t t e r mass , a n d t o ta l d r y m a t t e r mass i s a t i t s peak . M a n a g e m e n t f o r th i s phase
i n c l u d e s f e r t i l i z e r a p p l i c a t i o n , f o l i a r sp rays , i r r i g a t i o n , a n d d r a i n a g e .
Agrocl imat ic Condi t ions for H i g h Y ie ld
A g r o c l i m a t i c c o n d i t i o n s t h a t f a v o r h i g h y i e l d i n g r o u n d n u t s are: a p p r o x i m a t e l y
1200 h o u r s o f s u n s h i n e d u r i n g the c r o p cyc le , 800-8000 l u x r a d i a t i o n , 300-500 m m
r a i n f a l l ; a d a i l y ave rage t e m p e r a t u r e o f 21.5°C o r m o r e d u r i n g the l i f e cyc le ,
s e e d l i n g p h a s e >16°C, y o u n g s e e d l i n g phase >20°C, f l o w e r i n g a n d p e g g i n g
phases >22°C, p o d - f o r m a t i o n phase >24°C, a n d p o d m a t u r i n g phase >18°C. T h e
t o t a l c u m u l a t i v e t e m p e r a t u r e i s >3200°C. These a g r o c l i m a t i c c o n d i t i o n s c a n
g e n e r a l l y m e e t t he needs o f g r o u n d n u t s a t d i f f e r e n t g r o w t h a n d d e v e l o p m e n t
phases i n t he m a i n g r o u n d n u t - g r o w i n g areas i n C h i n a . B u t there are s o m e
l i m i t i n g fac to rs t h a t d o n o t p r o m o t e s teady a n d h i g h y i e l d s , s u c h a s c o n t i n u o u s
r a i n i n M a r c h a n d d r o u g h t i n s u m m e r , i n s o u t h e r n C h i n a , a n d coo ler s p r i n g
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season, d r o u g h t be fo re s u m m e r a n d a u t u m n , o r w a t e r l o g g i n g i n a u t u m n i n
n o r t h e r n C h i n a . T h e r e f o r e , p o l y t h e n e f i l m m u l c h i n g can i m p r o v e , m a i n t a i n , a n d
a d j u s t s o i l t e m p e r a t u r e s , conse rve so i l m o i s t u r e , a n d compensa te f o r the c l i m a t i c
v a r i a t i o n s , a n d t h u s b e bene f i c i a l t o a c h i e v i n g h i g h a n d s tab le y i e l d s .
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Selection and Extension of High-yielding
Groundnut Varieties in China
Q i u Qingshu, Wang Caixiang, Che Kepeng, Hu Wenguang,
Wang Chuantang, and Miao Huarong1
Abstract
G r o u n d n u t b r e e d i n g i n C h i n a s ta r ted i n the la te 1950s. B y 1991, m o r e t h a n 200
h i g h - y i e l d i n g va r i e t i es h a d been d e v e l o p e d a n d re leased i n a c u m u l a t i v e
c u l t i v a t e d area ( C C A ) o f a b o u t 36.67 m i l l i o n ha . T h e C C A s o f the 5 0 m o s t
p r o m i s i n g va r i e t i es , c o v e r i n g o v e r 66 700 ha each, a c c o u n t e d f o r 9 5 % o f the t o ta l
C C A s o f i m p r o v e d g r o u n d n u t ( C C A I G ) . F u h u a s h e n g , a h i g h - y i e l d i n g v a r i e t y
d e v e l o p e d i n S h a n d o n g P r o v i n c e , h a d the largest C C A o f a b o u t 7 2 m i l l i o n h a ,
19.6% o f the to ta l C C A I G . H a i h u a 1 , a lso re leased i n S h a n d o n g P rov i nce , cove red
a b o u t 3.16 m i l l i o n ha a n d r a n k e d second . Baisha 1016, selected i n G u a n g d o n g
P r o v i n c e b u t e v a l u a t e d a n d e x t e n d e d i n S h a n d o n g P r o v i n c e , cove red a b o u t 3.13
m i l l i o n h a a n d r a n k e d t h i r d . T h e C C A s o f 1 3 a d d i t i o n a l va r ie t ies tha t i n c l u d e d
Y u e y o u 551 , S h i x u a n 64, X u z h o u 68-4, Y u e y o u 116, S h a n y o u 27, H u a 37, H u a 17,
T i a n f u 3 , a n d Y u h u a 1 w e r e a r o u n d 666 700 ha . T h e 16 va r ie t ies l i s ted cove red
a b o u t 29.2 m i l l i o n ha a m o u n t i n g t o 79.6% o f the to ta l C C A I G . A n u m b e r o f
r e c e n t l y d e v e l o p e d va r ie t ies w i t h be t te r p r o d u c t i v i t y , seed qua l i t y , a n d stress
res is tance t h a n those p r e s e n t l y c u l t i v a t e d , s u c h as L u h u a 9 , 8130, Z h o n g h u a 4 ,
X u h u a 5 , Y u h u a 3 , a n d Y u e y o u 256, are b e i n g m a d e ava i l ab le f o r w i d e s p r e a d
c u l t i v a t i o n .
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Introduction
G r o u n d n u t i s o n e o f t he m o s t i m p o r t a n t cash a n d o i l c rops i n C h i n a . T h e a n n u a l
area, t o t a l o u t p u t , a n d the e x p o r t q u a n t i t y o f g r o u n d n u t r a n k second , a n d p l a y a n
i m p o r t a n t r o l e i n t he w o r l d ' s g r o u n d n u t p r o d u c t i o n .
S ince t h e Peop le ' s R e p u b l i c o f C h i n a w a s es tab l i shed ( i n 1949), g rea t
i m p r o v e m e n t s h a v e b e e n m a d e i n t he p r o d u c t i o n o f g r o u n d n u t a n d o the r c rops .
I n 1949, g r o u n d n u t w a s g r o w n o n 1.25 m i l l i o n h a a n d h a d a y i e l d o f 1020 k g ha - 1 .
G r o u n d n u t p r o d u c t i o n has inc reased m o r e r a p i d l y s ince C h i n a p u r s u e d the
po l i c i es o f r e f o r m a n d o p e n i n g t o t he o u t s i d e w o r l d a f ter 1978. T h e a n n u a l
ave rage area f r o m 1979 to 1991 rose to 2.71 m i l l i o n ha , (a 4 9 % increase) a n d the
a v e r a g e y i e l d i nc reased b y 6 3 % , t o 1834.65 k g ha - 1 , c o m p a r e d w i t h the 1949 t o 1978
averages ( Q i u Q i n g s h u a n d Shen F u y u 1994). S u c h grea t p rogress r esu l t ed m a i n l y
f r o m se lec t i on a n d e x t e n s i o n o f t he n e w g r o u n d n u t var ie t ies . T h i s p a p e r r e v i e w s
g r o u n d n u t v a r i e t y d e v e l o p m e n t i n C h i n a .
U t i l i z a t i o n of the I m p r o v e d Varieties
G r o u n d n u t b r e e d i n g research i n C h i n a s ta r ted i n t h e la te 1950s. B y 1991, m o r e
t h a n 200 h i g h - y i e l d i n g va r ie t i es h a d been d e v e l o p e d a n d re leased on a 
c u m u l a t i v e area o f a b o u t 36.67 m i l l i o n ha . A m o n g t h e m there w e r e 5 0 m o s t
p o p u l a r va r i e t i es each c o v e r i n g above 66.7 t h o u s a n d ha , a n d the area to ta l l ed
a b o u t 35.01 m i l l i o n h a , a c c o u n t i n g f o r 9 5 % o f t ha t o f t he i m p r o v e d var ie t ies . Table
1 s h o w s t he m o s t p o p u l a r g r o u n d n u t c u l t i v a r s u s e d i n p r o d u c t i o n .
A d d i t i o n a l l y , t he c u m u l a t i v e area o f t he n i n e sho r t - o r m e d i u m - d u r a t i o n
va r i e t i es ( S h a n y o u 27, Y u e y o u 22, Y u e x u a n 58, H u a 37, H u a 17, T i a n f u 3 , X u x i 1 ,
Y u h u a 1 , a n d H u a 28) w a s a r o u n d 0.67 t o 1.33 m i l l i o n ha . A l l t he 16 va r ie t ies l i s ted
a b o v e c o v e r e d a b o u t 29.2 m i l l i o n h a ( c u m u l a t i v e ) , a m o u n t i n g t o 79.6% o f the
c u m u l a t i v e area o f t he i m p r o v e d va r ie t i es ( Q i u Q i n g s h u a n d Shen F u y u 1989, Q i u
Q i n g s h u a n d Shen F u y u 1994).
I n recen t years , f u r t h e r d e v e l o p m e n t s h a v e been m a d e . T w e n t y - t w o h i g h -
y i e l d i n g va r i e t i es h a v e b e e n d e v e l o p e d b e t w e e n 1991 a n d 1995 by t he 12 research
u n i t s t h a t p a r t i c i p a t e i n t he N a t i o n a l E i g h t h F ive-Year K e y Projects o n d e v e l o p i n g
n e w g r o u n d n u t va r i e t i es . A m o n g t h e m , f o u r t e e n are h i g h - y i e l d i n g a n d w i t h g o o d
seed q u a l i t y , th ree are h i g h - y i e l d i n g a n d d isease res is tant . These va r ie t ies
o u t y i e l d e d t he l oca l c o n t r o l s b y o v e r 10% a n d c o v e r e d 1.68 m i l l i o n ha . S u c h r a p i d
e x t e n s i o n i s r a r e l y seen.
Breed ing Object ives on the Basis o f N a t i o n a l Condi t ions
C h i n a i s a d e v e l o p i n g c o u n t r y w i t h i nsu f f i c i en t a rab le l a n d f o r i t s g r o w i n g
p o p u l a t i o n . O n e p r o b l e m i n a g r i c u l t u r e i s t he c o m p e t i t i o n b e t w e e n g r a i n a n d o i l
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Tab le 1 . T h e most p o p u l a r cult ivars used i n product ion i n C h i n a .
C u l t i v a r
F u h u a s h e n g
H a i h u a 1 
Ba isha 1016
Y u e y o u 551
S h i x u a n 64
X u z h o u 68-4
Y u e y o u 116
Charac te rs
S p a n i s h t y p e ,
e a r l y m a t u r i t y
H i g h y i e l d ,
b o l d seeds
S p a n i s h t y p e ,
s h o r t d u r a t i o n
S p a n i s h t y p e ,
e a r l y m a t u r i t y
S p a n i s h t y p e ,
e a r l y m a t u r i t y
M e d i u m
d u r a t i o n ,
l a rge seeds
S h o r t d u r a t i o n ,
Span ish t y p e
Place o f
o r i g i n
(year o f
release)
S h a n d o n g
(1961)
S h a n d o n g
(1984)
G u a n g d o n g
(1963)
G u a n g d o n g
(1974)




G u a n g d o n g
(1981)
A r e a o f
e x t e n s i o n
S h a n d o n g
S h a n d o n g
G u a n g d o n g
G u a n g d o n g
G u a n g d o n g
J iangsu
G u a n g d o n g
C u m u l a t i v e
area








c r o p s f o r l a n d each season. The re fo re , a n y d e c i s i o n o n g r o u n d n u t b r e e d i n g
ob jec t i ves m u s t b e based o n f a c i l i t a t i n g the increase o f the c r o p p i n g i n d e x a n d
e n s u r i n g t h e y i e l d increases o f the c rops . Se lec t ion o f h i g h - y i e l d i n g va r ie t i es w i t h
s h o r t - o r m e d i u m - d u r a t i o n i s o n e o f the g r o u n d n u t b r e e d i n g ob jec t ives a n d the
m a j o r i t y o f t he o v e r 200 va r ie t i es se lected a n d e x t e n d e d i n C h i n a s ince the la te
1950s has these charac ters . I n t r o d u c t i o n o f these va r ie t i es has enab led changes in
f a r m i n g sys tems f r o m o n e c r o p i n o n e yea r t o th ree c r o p s i n t w o years o r t o t w o o r
m u l t i p l e c rops i n one year , w i t h consequen t inc reased p r o d u c t i o n .
A n o t h e r b r e e d i n g ob jec t i ve i s t o b r e e d h i g h - y i e l d i n g va r ie t ies w i t h stress
res is tance because a b o u t 7 0 % o f the c r o p i s d i s t r i b u t e d o n the h i l l y , sandy , d r y o r
p o o r areas; su f fe rs f r o m d r o u g h t ; a n d diseases a n d insect pests f r e q u e n t l y i n fec t
t h e c r o p . F u h u a s h e n g , Ba isha 1016, Y u e y o u 5 5 1 , L u h u a 3 , T i a n f u 3 , H a i h u a 1 ,
X u z h o u 68-4 , a n d H u a 37, se lected i n t he pas t , a n d L u h u a 9 , Y u h u a 3 , Z h o n g h u a 3 ,
a n d G u i h u a 1 5 se lec ted i n recen t years , are h i g h - y i e l d i n g a n d i n c o r p o r a t e
r e s i s t a n c e / t o l e r a n c e t o m u l t i p l e fac to rs l i k e d r o u g h t , diseases, o r p o o r so i l . These
va r ie t i es h a v e p l a y e d a n i m p o r t a n t p a r t i n the increase o f C h i n a ' s g r o u n d n u t
p r o d u c t i o n m a k i n g i t o n e o f t he m a j o r g r o u n d n u t expo r te rs i n the w o r l d .
T h e t h i r d b r e e d i n g ob jec t i ve i s t o b r e e d va r ie t i es w i t h h i g h y i e l d a n d g o o d
q u a l i t y t o m e e t e x p o r t n o r m s . T h e th ree h i g h - y i e l d i n g va r ie t i es w i t h m e d i u m
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d u r a t i o n ( H u a 17, L u h u a 4 , a n d L u h u a 10), se lected a n d re leased i n S h a n d o n g ,
h a v e b e c o m e rep lacemen ts f o r th ree o f C h i n a ' s t r a d i t i o n a l la rge-seeded
g r o u n d n u t s f a v o r e d f o r e x p o r t . A n o t h e r n e w la rge-seeded va r i e t y , 8130, w i l l s o o n
b e c o m e a n o t h e r e x p o r t a b l e va r ie ty . Sma l l - seeded , g o o d q u a l i t y va r ie t i es l i k e
F u h u a s h e n g , Ba isha 1016, a n d H u a 11 , k n o w n a s ' H s u j i Type '® i n the i n t e r n a t i o n a l
m a r k e t , h a v e b e e n d e v e l o p e d , a n d recent ly , L u h u a 12, L u h u a 13 a n d T a n g y o u 4 
h a v e b e e n re leased f o r p r o d u c t i o n . M a n y ' T i a n f u Type '® var ie t ies h a v e been
r e p l a c e d . A n o u t s t a n d i n g b r e a k t h r o u g h has a l r e a d y b e e n m a d e i n i m p r o v i n g the
q u a l i t y o f s m a l l - s e e d e d va r i e t i es f o r e x p o r t , a n d a f e w p r o m i s i n g l i nes l i k e C h i n a
R u n n e r 1 , a n d S h a n d o n g R u n n e r 1 h a v e b e e n i d e n t i f i e d f o r f u t u r e release ( Q i u
Q i n g s h u a n d S h e n F u y u 1994, S h a n d o n g Peanu t Research I n s t i t u t e 1992).
I m p r o v e m e n t o f Breed ing Techniques
B r e e d i n g m e t h o d s i n C h i n a h a v e d e v e l o p e d f r o m s i m p l i c i t y t o c o m p l e x i t y , a n d
f r o m s i ng l e t o m u l t i p l e charac ters b y se lec t i ng h i g h - y i e l d i n g , g o o d qua l i t y , a n d
st ress-res is tant va r ie t i es . T h e b r e e d i n g m e t h o d s i n the 1950s f ocused o n co l l ec t i on ,
e v a l u a t i o n a n d i d e n t i f y i n g the l oca l va r i e t i es ; i n t he 1960s o n i n t e r v a r i e t a l c ross ing
p l u s i n t r o d u c t i o n , sys tema t i c se lec t ion a n d m u t a t i o n b r e e d i n g ; a n d i n the 1970s
o n i n t e r v a r i e t a l c ross ing a n d i n d u c e d m u t a t i o n p l u s i n t r o d u c t i o n a n d sys temat i c
se lec t i on . S ince t he 1980s, i n a d d i t i o n t o u t i l i z a t i o n o f the c o n v e n t i o n a l m e t h o d s
a n d m u t a t i o n b r e e d i n g , i n te rspec i f i c h y b r i d i z a t i o n a n d b i o t e c h n o l o g i c a l too ls
h a v e a lso b e e n e m p l o y e d . T h e c ross ing m e t h o d s i n c l u d e d s ing le crosses t o
backcrosses a n d c o m p o s i t e crosses, o r crosses c o m b i n e d w i t h i n d u c e d m u t a t i o n .
M u t a t i o n b r e e d i n g i n c l u d e d d i r e c t l y - i n d u c e d m u t a t i o n o r c o m b i n i n g w i t h
i n t e r v a r i e t a l c ross i ng , a n d in te rspec ies h y b r i d i z a t i o n . As a resu l t o f these
i m p r o v e m e n t s , the b r e e d i n g process has been acce lerated ( Q i u Q i n g s h u a n d Shen
F u y u 1994, Q i u Q i n g s h u 1992).
I n t he las t f o u r o r f i v e yea rs , a n e w d e v e l o p m e n t has been m a d e i n Ch inese
g r o u n d n u t b r e e d i n g . O f t he s ix va r ie t i es re leased i n S h a n d o n g , f o u r w e r e
p r o d u c e d t h r o u g h t h e m e t h o d o f c o m b i n a t i o n o f i n d u c e d m u t a t i o n w i t h c ross ing ,
a n d the m o s t o u t s t a n d i n g va r ie t i es w e r e 8130 a n d L u h u a 11. T h e f o r m e r has the
best i n t e g r a t e d charac te r is t i cs o f h i g h y i e l d , g o o d qua l i t y , stress res is tance, a n d
g o o d a d a p t a t i o n . T h e la t te r i s a h i g h - y i e l d i n g a n d d r o u g h t - a n d d isease-res is tant
v a r i e t y a n d g i ves 10% m o r e p o d y i e l d c o m p a r e d w i t h H a i h u a 1 . Each o f t he t w o
va r i e t i es has c o v e r e d o v e r 150 000 ha . Z h o n g h u a 4 , w i t h rus t - res is tance selected
t h r o u g h c o m p o s i t e c ross ing a t the O i l C r o p s Research I n s t i t u t e , W u h a n , c o v e r e d
m o r e t h a n 150 000 h a i n G u a n g x i a n d H u b e i . Y u e y o u 256, a h i g h - y i e l d i n g a n d
b a c t e r i a l w i l t - r e s i s t a n t v a r i e t y d e v e l o p e d t h r o u g h c o m p o s i t e c ross ing i n
G u a n g d o n g , i s b e i n g g r o w n o n a b o u t 140 000 ha .
Accelerat ion of Extension of the I m p r o v e d Variet ies
Researchers i n C h i n a n o t o n l y d e v e l o p n e w g r o u n d n u t va r i e t i es , b u t a lso d o s o m e
e x t e n s i o n w o r k o n these i m p r o v e d va r ie t i es , s t u d y t h e c o m b i n a t i o n o f the
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i m p r o v e d c u l t i v a r s w i t h i m p r o v e d a g r o n o m y , a n d c o n d u c t s m a l l o r la rge scale
d e m o n s t r a t i o n s t o p r o v i d e the a d v a n c e d techno log ies fo r g r o u n d n u t p r o d u c e r s .
A l l th i s boos ts e x t e n s i o n a n d taps the increased p o t e n t i a l o f the i m p r o v e d
va r ie t i es ( Q i u Q i n g s h u a n d Shen F u y u , 1994). N o w the coverage o f the n e w
c u l t i v a r s accoun ts f o r 9 0 % o f t he t o ta l g r o u n d n u t area i n C h i n a . For ins tance ,
L u h u a 9 w a s e x t e n d e d r a p i d l y by u t i l i z i n g some o f the measures s ta ted above so
tha t i t c o v e r e d a b o u t 1.2 m i l l i o n ha ( c u m u l a t i v e ) d u r i n g the 8 years f r o m i t s
c e r t i f i c a t i o n in 1988 to 1995.
G r o u n d n u t b r e e d i n g has m a d e a grea t c o n t r i b u t i o n t o Ch inese g r o u n d n u t
p r o d u c t i o n , b u t d e m a n d s o n i t b e c o m e greater w i t h the d e v e l o p m e n t o f t he
m a r k e t e c o n o m y a n d the c o n t i n u a l increase i n peop le ' s l i v i n g s tandards . T h o u g h
there are m a n y d i f f i c u l t i e s a n d p r o b l e m s i n b r e e d i n g , w e be l ieve tha t ano the r
m a j o r s tep w i l l b e a c h i e v e d i n the la te 1990s a n d e a r l y 2000s i n the se lec t ion o f
n e w va r i e t i es w i t h be t te r c o m p r e h e n s i v e characters o f h i g h y i e l d , g o o d qua l i t y ,
a n d stress res is tance, w h i c h w i l l sa t i s fy s p r i n g , s u m m e r , a n d a u t u m n s o w i n g ,
i n t e r c r o p p i n g , a n d p o l y t h e n e m u l c h c u l t i v a t i o n . A t the same t i m e , se lec t ion o f
spec ia l t y p e va r ie t i es f o r e x p o r t , n u t r i t i o n o r ed i b l e o i l w i l l b e f u r t h e r
s t r e n g t h e n e d a n d a cons ide rab le b r e a k - t h r o u g h w i l l emerge i n these f ie lds , w i t h a 
n u m b e r o f f i ne va r ie t i es re leased i n p r o d u c t i o n .
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Increasing Yield and Drought Resistance
of Groundnut Using Plant Growth Regulators
Li Ling, and Pan Ruichi1
Abstract
T h e g r o w t h r e g u l a t o r s PP333 (25-100 m g L - 1 ) a n d t r i a d i m e f o n (300-600 m g L - 1 )
w e r e a p p l i e d t o s p r i n g g r o u n d n u t a t 25-30 d a y s a f ter f l o r a l i n i t i a t i o n d u r i n g
1986-1988. T rea tmen ts w i t h PP333 s o l u t i o n increased y i e l d b y 7%, a n d w i t h
t r i a d i m e f o n s o l u t i o n b y 10%. T h e d e g r a d a t i o n o f PP333 i n so i l a n d i n g r o u n d n u t
p l a n t s w a s r a p i d . PP333 res i due i n so i l w a s 9-18 g kg - 1 d r y w e i g h t ( w i t h i n the
r a n g e o f m a x i m u m res i due l i m i t ) . I t i s safe f o r h u m a n be ings . W h e n seed ings
w e r e t r ea ted w i t h PP333, C C C , t r i a d i m e f o n , a n d m e t h y l j asmona te (MJ) , t he i r
abscis ic a c i d a n d p r o l i n e con ten ts w e r e inc reased , a n d the leve ls o f s u c h
p r o t e c t i v e e n z y m e s a s s u p e r o x i d e d i s m u t a s e , catalase, a n d pe rox idase w e r e
f o u n d t o b e h i g h e r t h a n those o f n o n t r e a t e d seed l ings . These regu la to r s resu l t i n
i n c r e a s i n g s e e d l i n g d r o u g h t res is tance.
In t roduct ion
I n G u a n g d o n g P r o v i n c e g r o u n d n u t i s a n i m p o r t a n t c r o p . H a l f o f i ts p l a n t e d area
i s o n d r y l a n d f a r m s w h e r e d r o u g h t stress has resu l t ed i n l o w y ie lds . T o i m p r o v e
d r o u g h t res is tance a n d y i e l d o f g r o u n d n u t w e e x p e r i m e n t e d w i t h p l a n t g r o w t h
r e g u l a t o r s as these h a v e s h o w n bene f i c ia l effects as g r o w t h re ta rdan ts a n d
f u n g i c i d e s i n a g r i c u l t u r e a n d h o r t i c u l t u r e . F le tcher a n d N a t h (1984) r e p o r t e d
t r i a d i m e f o n r e d u c e d t r a n s p i r a t i o n a n d inc reased y i e l d i n water -s t ressed p l a n t s
a n d L e v e r e t a l . (1988) s h o w e d p a c l o b u t r a z o l (PP333) ac ted as a b r o a d s p e c t r u m
g r o w t h r e t a r d a n t . I n t he 1980s m e t h y l j asmona te , a n e w g r o w t h r egu la to r w i t h
1. Department of Biology, South China Normal University, Guangzhou 510631, China.
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workshop, 25-29 Aug 1995, Laixi City Shandong, China (Renard, C., Gowda, C.L.L., Nigam, S.N., and Johansen, C.
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s i m i l a r p h y s i o l o g i c a l ef fects t o abscis ic a c i d , w a s r e p o r t e d b y C u r t i s (1984) a n d
P a r t h i e r e t a l (1992) d e m o n s t r a t e d t ha t j a s m o n i c a c i d p r o m o t e d hea t a n d sa l t
res is tance i n b a r l e y b u t l i t t l e i s k n o w n a b o u t i t s ef fect o n d r o u g h t res is tance.
T h i s p a p e r p resen ts t he effects o f a p p l y i n g p l a n t g r o w t h regu la to r s PP333,
t r i a d i m e f o n , a n d m e t h y l j a s m o n a t e (MJ) o n the y i e l d a n d d r o u g h t resistance o f
g r o u n d n u t , a n d t he d e g r a d a t i o n o f PP333 i n t he g r o u n d n u t p l a n t s a n d so i l .
Effects o f Regulators on G r o w t h and Y ie ld in G r o u n d n u t
P a n e t a l . (1988) r e p o r t e d t ha t PP333 r e d u c e d the g r o w t h ra te o f p o t - g r o w n
g r o u n d n u t seed l i ngs a n d decreased the i r t r a n s p i r a t i o n ra te , b u t the w a t e r s to rage
cel ls i n t r ea ted leaves w e r e s i g n i f i c a n t l y larger. These a n a t o m i c a l a n d
p h y s i o l o g i c a l charac te r is t i cs o f t rea ted p l a n t s w e r e a n a d v a n t a g e i n t o l e r a t i n g
d r o u g h t stress (Pan e t a l . 1988). F r o m 1986 to 1988, P a n e t a l . (1989) a lso a p p l i e d
PP333 a n d t r i a d i m e f o n a t 2 5 d a y s af ter t he b e g i n n i n g o f f l o r a l i n i t i a t i o n t o s p r i n g -
s o w n g r o u n d n u t g r o w n i n the f i e l d . B o t h t rea tmen ts r esu l t ed i n a r e d u c t i o n o f
s t e m a n d b r a n c h e l o n g a t i o n , a n d i nc reased the c h l o r o p h y l l con ten t s ign i f i can t l y .
Be fo re ha rves t , t h e n u m b e r o f g r e e n leaves r e m a i n i n g o n the m a i n s t e m o f PP333
t r e a t m e n t w a s less t h a n t h a t o f t r i a d i m e f o n t r e a t m e n t (Table 1), because the la t te r
has a s t r o n g e r f u n g i c i d a l p o w e r t h a n the fo rmer . H e n c e t r i a d i m e f o n c o u l d
p r o l o n g t h e p h o t o s y n t h e t i c p e r i o d f o r severa l d a y s a n d a l l o w the leaf t o
syn thes i ze m o r e p h o t o s y n t h a t e s .
B y s p r a y i n g the g r o u n d n u t p l a n t s w i t h 25-100 m g L - 1 PP333 o r 300-600 m g L - 1
t r i a d i m e f o n , p o d y i e l d s w e r e inc reased (Table 1). PP333 increased the y i e l d by
a b o u t 7 % a n d t r i a d i m e f o n b y a b o u t 9%. T h e d r y w e i g h t o f shoots decreased, a s
the ass im i la tes w e r e u t i l i z e d f o r r e p r o d u c t i v e (or p o d ) g r o w t h m o r e t h a n
v e g e t a t i v e g r o w t h a n d the re fo re , t he n u m b e r o f f u l l p o d s pe r p l a n t w a s i nc reased ,
r e s u l t i n g i n i nc reased y i e l d .
Study on D i s t r i b u t i o n a n d Degradat ion
of PP333 in G r o u n d n u t
W i t h i n c r e a s i n g e m p h a s i s o n the use o f r egu la to r s , a n u n d e r s t a n d i n g o f the i r
d e g r a d a t i o n i n p l a n t s a n d so i l a s w e l l a s the i r res idues i n the f r u i t has b e c o m e
m o r e i m p o r t a n t , because t h e y m u s t b e safe f o r h u m a n c o n s u m p t i o n . 3 H-PP333
w a s s h o w n t o d e g r a d e r a p i d l y i n g r o u n d n u t p l a n t s a s r e p o r t e d b y E a r l y e t a l .
(1988). Seven d a y s a f te r t r e a t m e n t , t he a m o u n t o f 3 H - l a b e l r e m a i n i n g as 3 H - P P 3 3 3
w a s 25 .4% i n r oo t s , 29 .3% i n s tems , a n d 17.3% i n leaves. T h e leaves m i g h t b e the
m a i n s i te o f d e g r a d a t i o n f o r PP333 i n g r o u n d n u t . A t d i f f e ren t i n t e r v a l s a f ter the
b e g i n n i n g o f f l o r a l i n i t i a t i o n , p l a n t s w e r e t rea ted w i t h 200 m g L - 1 PP333. Table 2 
s h o w s tha t t h e con ten ts o f 3 H - P P 3 3 3 i n a l l o rgans inc reased w i t h t he d e l a y i n the
t r e a t m e n t d a t e a n d w h e n t r e a t m e n t n u m b e r s w e r e inc reased t o w a r d s m a t u r i t y
(Yan et a l . 1994).
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A n a l y s e s o f PP333 r e s i d u e s i n t h e seeds a n d s h e l ls o f g r o u n d n u t g i v e n 5 m g L - 1 
PP333 t r e a t m e n t 2 5 d a y s a f t e r t h e b e g i n n i n g o f f l o r a l i n i t i a t i o n i n 1994 w a s 26.7 µ g 
k g - 1 d r y w e i g h t ( D W ) a n d 36.7 µ g k g - 1 D W r e s p e c t i v e l y T h e a m o u n t o f PP333 i n 
s e e d w a s less t h a n t h e m a x i m u m r e s i d u e l i m i t , s o i t w a s safe f o r h u m a n 
c o n s u m p t i o n . 
T h e d i s t r i b u t i o n o f PP333 i n t h e s o i l c h a n g e d w i t h t i m e . T h r e e d a y s a f t e r 
t r e a t m e n t , m o s t PP333 w a s d i s t r i b u t e d 0-5 c m b e l o w t h e s o i l s u r f a c e . T h e l o n g e r 
t h e t i m e e l a p s e d f o l l o w i n g PP333 a p p l i c a t i o n t h e m o r e PP333 o c c u r r e d a t 6-15 c m 
d e p t h . T w e n t y d a y s a f t e r t r e a t m e n t , t h e PP333 r e s i d u e l e v e l s i n t h e s o i l h a d 
d e c l i n e d a n d c o u l d n o t b e d e t e c t e d a f t e r 130 d a y s ( F i g . 1). 
Effects o f G r o w t h Regulators o n the D r o u g h t 
Resistance o f G r o u n d n u t 
T h e p l a s m a l e m m a p e r m e a b i l i t y ref lects t h e e x t e n t o f d e s t r u c t i o n o f t h e c e l l 
( D h i n d s a e t a l . 1980). T a b l e 3 s h o w s t h a t t h e s e e d l i n g s p r e t r e a t e d w i t h PP333, C C C 
a n d M J a t d i f f e r e n t c o n c e n t r a t i o n s h a d c h a n g e s o f p l a s m a l e m m a p e r m e a b i l i t y . 
T h e r e l a t i v e e l e c t r i c a l c o n d u c t i v i t i e s o f s e e d l i n g s t r e a t e d w i t h 150 m g L - 1 C C C , 5 
m g L - 1 PP333, a n d 200 m g L - 1 M J w e r e r e d u c e d c o m p a r e d w i t h t h e c o n t r o l . F o r 
e x a m p l e , t h e p e r m e a b i l i t y o f t h e PP333, C C C , a n d M J t r e a t m e n t s a t 4 d a y s d u r i n g 
d r o u g h t w a s 6 5 . 1 % , 7 9 . 7 % a n d 6 9 . 0 % o f t h e c o n t r o l , r e s p e c t i v e l y , a n d t h i s s h o w e d 
t h a t a p p l i c a t i o n o f g r o w t h r e g u l a t o r s t o g r o u n d n u t s e e d l i n g s i n c r e a s e d d r o u g h t 
r e s i s t a n c e . 
T a b l e 2 . T h e c o n t e n t o f 3 H - P P 3 3 3 i n g r o u n d n u t organs a t harvest. 
Stages o f PP333 
t r e a t m e n t ( d a y s 
a f t e r b e g i n n i n g o f 




2 0 , 3 0 
3 0 , 40 
2 0 , 3 0 , 40 
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1. 3H-PP333 concentration at 200 mg L-1 contains 7.4x103 Bq. PP333 was extracted with 80% methanol and 3H activity 
was determined by liquid scintillation spectrometry. 
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F i g u r e 1 . T h e d e g r a d a t i o n o f P P 3 3 3 in soi l s o w n to g r o u n d n u t , w i t h 5 mg L - 1 P P 3 3 3
t r e a t m e n t 2 5 d a y s af ter f l o w e r i n g , G u a n g d o n g P r o v i n c e , C h i n a , 1994.
G r o w t h r e g u l a t o r s a f fec ted the s t o m a t a l a p e r t u r e o f leaves. T r i a d i m e f o n
r e d u c e d the t r a n s p i r a t i o n ra te a n d w a t e r loss i n shoots a n d m a i n t a i n e d a h i g h e r
l eve l o f w a t e r p o t e n t i a l d u r i n g d r o u g h t stress ( G u o a n d P a n 1989). M J increased
the s t o m a t a l res is tance, the leaf th i ckness , a n d the size o f w a t e r s torage cel ls i n
leaves u n d e r d r o u g h t stress (Pan a n d G u 1995). I n o u r e x p e r i m e n t s the re la t i ve
w a t e r c o n t e n t i n the leaves o f seed l i ngs t reated w a s m a i n t a i n e d a t a h i g h e r leve l
c o m p a r e d w i t h t h a t o f the c o n t r o l . T h i s suggests that these regu la to rs have a n
a b i l i t y t o resist d e h y d r a t i o n i n leaves.
I t i s k n o w n t h a t abscis ic a c i d ( A B A ) i s re la ted t o the g r o w t h a n d d r o u g h t
res is tance o f p l a n t s a n d p l a y s an i m p o r t a n t ro le i n c ross -adap ta t i on (Boussiba e t
a l . 1975). T h i s d i r e c t l y m a i n t a i n s the s t r uc tu re a n d f u n c t i o n o f the p l a s m a l e m m a ,
a n d i n d i r e c t l y b r i n g s a b o u t r e m a r k a b l e changes i n m o r p h o l o g i c a l , a n a t o m i c a l ,
a n d p h y s i o l o g i c a l reac t ions ( C h a n d l e r a n d Robe r t son 1994, Pan 1990). For
g r o u n d n u t seed l i ngs d u r i n g d r o u g h t stress, the increase o f leaf A B A leve l v a r i e d
w i t h d i f f e r e n t concen t ra t i ons o f PP333 a n d C C C (Table 4). A B A con ten t i n the 5 
mg L - 1 PP333 o r 150 mg L - 1 C C C t rea tmen ts 1 d a y af ter d r o u g h t stress w a s a b o u t
3.37 t i m e s or 2.89 t i m e s as h i g h as tha t o f t he c o n t r o l ( L i a n d Pan 1988a, b ) .
H a n s o n e t a l . (1977) s h o w e d t h a t the a c c u m u l a t i o n o f p r o l i n e i n leaves
sub jec ted to d r o u g h t stress acts as an osmoregu la to r , as does A B A . PP333,
t r i a d i m e f o n o r MJ inc reased the p r o l i n e con ten t ( L i 1991, P a n e t a l . 1995). W h e n
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T a b l e 3 . Effects o f PP333, C C C 1 a n d M J 2 o n the re la t ive electr ical conduct iv i ty
(%) in g r o u n d n u t seed l ings d u r i n g d r o u g h t stress.
T r e a t m e n t
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1. Seedlings at 4-leaf stage were sprayed with PP333 or CCC. After 24 h incubation period, they were transferred to
10-3 mol L-1 PEG solution, and roots were kept in dark during drought treatment.
2. At 3-leaf stage, seedlings were grown in 1/2 Knop solution containing MJ at various concentrations for 3 days and
then transferred to PEG solution.
ND Not detected.
T a b l e 4 . Effects o f PP333 a n d C C C on the endogenous A B A leve l (pg mg - 1 d ry
w e i g h t ) in leaves o f g r o u n d n u t seedl ings u n d e r d rought stress.
T r e a t m e n t ( m g L - 1 )
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** Highly significant P<0.01.
s e e d l i n g s w e r e t r e a t e d w i t h PP333, C C C a n d M J , t h e y i nc reased t h e ac t i v i t i e s o f
p r o t e c t i v e e n z y m e s s u c h a s s u p e r o x i d e d i s m u t a s e ( S O D ) , p e r o x i d a s e ( P O D ) , a n d
calatase ( C A T ) w h i c h w e r e ab le t o r e m o v e s u p e r o x i d e a n d H 2 O 2 (Benne t t e t a l .
1982, L i e t a l . 1991). T h e a c t i v i t i e s o f S O D a n d P O D i n d r o u g h t - s t r e s s e d leaves
t rea ted w i t h 5 m g L - 1 C C C a n d 150 m g L - 1 C C C are g i v e n i n Tab le 5 .
152
T a b l e 5 . Effects o f 5 mg L - 1 PP333 a n d 150 mg L - 1 C C C on act ivi t ies o f
superox ide d ismutase ( S O D ) a n d peroxidase ( P O D ) o f g r o u n d n u t seed l ings
u n d e r d r o u g h t stress.
D a y s a f te r




S O D a c t i v i t y
( u n i t n g - 1 p r o t e i n )




P O D a c t i v i t y
(AD470 mg - 1 f r esh w e i g h t )




W i t h M J t r e a t m e n t t h e ac t i v i t i e s o f S O D i s o e n z y m i c b a n d s r e m a i n e d
u n c h a n g e d w h i l e w h e n seed l i ngs w e r e t rea ted b y C C C a n d PP333, t w o n e w P O D
i s o e n z y m e b a n d s a p p e a r e d o n l y w h e n seed l i ngs w e r e d r o u g h t s t ressed ( L i e t a l .
1990). M e a n w h i l e , t he a c c u m u l a t i o n o f m a l o n d i a l d e h y d e ( M D A ) , w h i c h i s t ox i c t o
t h e m e m b r a n e , w a s dec reased b y M J (Pan e t a l 1995).
T h e r e g u l a t o r s are ab le t o increase d r o u g h t res is tance i n g r o u n d n u t b y
i n c r e a s i n g t h e leve ls o f e n d o g e n o u s A B A a n d p r o l i n e a s w e l l a s t he ac t i v i t i es o f
S O D , P O D a n d C A T , r e s u l t i n g i n p r o t e c t i o n o f t h e i n t e g r i t y o f m e m b r a n e s f r o m
d r o u g h t d a m a g e .
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The Growth Dynamics of High-yielding
Summer Groundnut in Relay Cropping wi th Wheat
Wan Yongshan, Li Xiangdong and Zhang Gaoying1
Abstract
A ser ies o f e x p e r i m e n t s o n s u m m e r g r o u n d n u t re l ay c r o p p e d (SGRC) w i t h w i n t e r
w h e a t w a s c o n d u c t e d o n i r r i g a t e d l a n d i n T e n g Z h o u c o u n t y , S h a n d o n g , C h i n a ,
d u r i n g 1989-93. W i n t e r w h e a t w a s s o w n a t r o w spac ings o f 2 7 c m i n e a r l y October .
G r o u n d n u t s w e r e s o w n b y h a n d b e t w e e n t he w h e a t r o w s d u r i n g 17-23 M a y (15-20
d a y s p r i o r t o t h e w h e a t ha rves t ) w i t h a p l a n t p o p u l a t i o n o f 27-30 p l a n t s m - 2 .
G r o u n d n u t c u l t i v a r 79266 w a s u s e d i n 1991 a n d 1993, a n d H u a 3 7 i n 1992.
A n a v e r a g e p o d y i e l d o f 7.8 t h a - 1 w a s a c h i e v e d o n 6.7 h a o f t r i a l s d u r i n g
1991-93. T h e h i g h e s t y i e l d w a s 8.5 t ha - 1 a c h i e v e d by c u l t i v a r H u a 37 i n 1992. T h e
g r o w t h p e r i o d o f t he g r o u n d n u t i n S G R C w a s a b o u t 2 0 d a y s less t h a n t ha t o f so le -
c r o p p e d s p r i n g g r o u n d n u t . T h e L A I o f S G R C w a s s i m u l a t e d b y a q u a d r a t i c
e q u a t i o n , w i t h t he p e a k (5.22) o c c u r r i n g i n t he m i d p o d - s e t t i n g phase (78 d a y s
a f te r s o w i n g , DAS) . T h e g r o w t h d y n a m i c s o f t o ta l d r y mass o f S G R C w e r e
s i m u l a t e d b y a l og i s t i c e q u a t i o n ; t he p e a k c r o p g r o w t h ra te o c c u r r e d a t m i d p o d -
s e t t i n g (81 DAS) , a n d a b o u t 8 0 % o f the t o ta l d r y mass w a s a c c u m u l a t e d d u r i n g
p o d f o r m a t i o n . P o d d r y m a t t e r a c c u m u l a t i o n w a s i n i t i a t e d a t 5 8 DAS, a n d the
p e a k g r o w t h ra te o f p o d mass o c c u r r e d a t ea r l y p o d - m a t u r i n g (95 DAS). D u r i n g
the y i e l d - f o r m a t i o n phase , a b o u t 7 5 % o f the t o ta l d r y mass w a s p a r t i t i o n e d t o t he
p o d s .
1. Department of Agronomy, Shandong Agricultural University, Taian, Shandong 271018, China.
Wan Yongshan, Li Xiangdong, and Zhang Gaoying. 1996. The growth dynamics of high-yielding summer
groundnut in relay cropping wi th wheat. (In En. Summary in Ch.) Pages 157-167 in Achieving high groundnut yields:
proceedings of an international workshop, 25-29 Aug 1995, Laixi City, Shandong, China (Renard, C., Gowda, C.L.L.,
Nigam, S.N., and Johansen, C. eds.). Patancheru 502 324, Andhra Pradesh, India: International Crops Research
Institute for the Semi-Arid Tropics.
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Introduction
T h e t r a d i t i o n a l c r o p p i n g p a t t e r n i n S h a n d o n g P r o v i n c e i s g r o u n d n u t a s a so le
c r o p i n t h e s p r i n g season. T h i s i s k n o w n a s s p r i n g g r o u n d n u t (SSCG) i n n o r t h e r n
C h i n a ( S h a n d o n g P e a n u t Research I n s t i t u t e 1982). A s g r o u n d n u t - w h e a t d o u b l e -
c r o p p i n g i s a poss i b l e w a y t o so l ve the c o m p e t i t i o n b e t w e e n o the r f o o d c r o p s a n d
g r o u n d n u t , a n d t o inc rease the p r o d u c t i o n o f b o t h , th ree p a t t e r n s o f w h e a t -
g r o u n d n u t d o u b l e - c r o p p i n g h a v e b e e n d e v e l o p e d i n d i f f e r e n t areas o f S h a n d o n g
P r o v i n c e . These are r e l a y c r o p p i n g s p r i n g g r o u n d n u t w i t h w i n t e r w h e a t s o w n i n
b r o a d - b e d s ( R S G W ) ( S u n Y a n h a o e t a l . 1993), s u m m e r g r o u n d n u t r e l a y c r o p p i n g
i n c o m m o n n a r r o w - r o w w i n t e r w h e a t (SGRC) ( L i X i a n g d o n g a n d W a n Y o n g s h a n
1992, L i X i a n g d o n g a n d Z h a n g G a o y i n g 1992, L i X i a n g d o n g e t a l . 1992) a n d
s u m m e r g r o u n d n u t s o w n d i r e c t l y a f te r t he w h e a t ha r ves t (SGSD) (Yang Y i n g m i n
e t a l . 1988). T h e f i r s t p a t t e r n needs w h e a t t o b e s o w n i n w i d e r r o w s , w h i c h m a y
l e a d t o r e d u c e d w h e a t y i e l d , a n d t he l a t t e r o n e has a l o w e r y i e l d p o t e n t i a l d u e t o
t h e s h o r t e r g r o w i n g season f o r g r o u n d n u t . D u r i n g 1989-1993, a ser ies o f
e x p e r i m e n t s w a s c a r r i e d o u t t o i n v e s t i g a t e t h e m a x i m u m y i e l d p o t e n t i a l o f S G R C
i n h i g h - y i e l d i n g w h e a t f i e l ds , t o s t u d y t h e g r o w t h d y n a m i c s o f S G R C p l a n t s , a n d
the k e y c u l t u r a l p rac t i ces f o r h i g h y i e l d . T h i s p a p e r d iscusses the g r o w t h
d y n a m i c s a n d t h e o p t i m u m g r o w t h p a r a m e t e r s o f S G R C p l a n t s g r o w n i n
e x p e r i m e n t s d u r i n g 1991-93.
Mater ia ls a n d M e t h o d s
T h e e x p e r i m e n t a l f i e l d o f 6.7 h a i s l o c a t e d i n T e n g Z h o u c o u n t y , S h a n d o n g . So i l
t e s t i n g s h o w e d t h a t t h e f i e l d c o n t a i n e d 1.24% o r g a n i c ma t te r , 0.094% t o t a l N , 6 5
mg kg - 1 a v a i l a b l e n i t r o g e n , 10.93 mg kg - 1 ava i l ab le P a n d 81.34 mg kg - 1 ava i l ab le
K . W h e a t c v L u 215953 w a s s o w n i n e a r l y O c t o b e r a t a ra te o f 9 0 k g h a - 1 , w i t h a 
r o w s p a c i n g o f 27 c m . M a n u r e a t 60 t ha - 1 , 300 kg ha - 1 u r e a , 750 kg ha - 1
s u p e r p h o s p h a t e a n d 300 k g h a - 1 p o t a s s i u m s u l p h a t e w e r e a p p l i e d be fo re w h e a t
s o w i n g as a basa l d r e s s i n g . In 1992 t h e w h e a t y i e l d w a s 7.73 t h a - 1 , a n d i t rose to
8.19 t ha - 1 i n 1993. G r o u n d n u t cv 79266 w a s u s e d i n 1991 a n d 1993, a n d H u a 37 i n
1992. B o t h c u l t i v a r s h a d s e q u e n t i a l b r a n c h i n g , l a rge p o d s , b u n c h t y p e h a b i t , a n d
m e d i u m - m a t u r i t y d u r a t i o n . Seeds w e r e h a n d - d i b b l e d b e t w e e n w h e a t r o w s
d u r i n g M a y 17-23, 15-20 d a y s p r i o r t o w h e a t h a r v e s t i n g . T h e w h e a t f i e l d w a s
i r r i g a t e d 7-10 d a y s be fo re g r o u n d n u t s o w i n g t o ensu re g e r m i n a t i o n a n d
e m e r g e n c e . H o l e - t o - h o l e s p a c i n g w a s 2 5 c m , a n d the p l a n t p o p u l a t i o n o f
g r o u n d n u t 27-30 p l a n t s m - 2 . F i f t e e n k g h a - 1 z i n c s u l p h a t e , 1 5 k g ha- 1 b o r a x a n d 1 5
k g h a - 1 a m m o n i u m m o l y b d a t e w e r e a p p l i e d a t s o w i n g . G r o u n d n u t s e m e r g e d 1 0
d a y s a f te r s o w i n g u n d e r t he s h a d e o f t he w h e a t canopy . M a n u r e a t 30 t ha - 1 w a s
b r o a d c a s t a n d i n c o r p o r a t e d i n t o t he s o i l b y h a n d h o e 5 d a y s a f te r w h e a t
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h a r v e s t i n g . U r e a a t 300 kg ha - 1 , 750 kg ha - 1 s u p e r p h o s p h a t e a n d 300 kg ha - 1
p o t a s s i u m s u l p h a t e w e r e a p p l i e d a s s ide d ress ings be fo re t h e f i r s t f l o w e r i n g , a n d
c u l t i v a t i o n t o r e m o v e w e e d s w a s d o n e 2-3 t i m e s be fo re p e g g i n g . T o p r e v e n t
excess ive v e g e t a t i v e g r o w t h (e.g. , t he m a i n s t e m h e i g h t e x c e e d i n g 3 5 c m be fo re
p o d - s e t t i n g ) , 100 m g L - 1 o f PP333 ( p a c l o b u t r a z o l ) , a p l a n t g r o w t h r e t a r d a n t , w a s
s p r a y e d . A l s o , c a r b e n d a z i m w a s s p r a y e d th ree t i m e s , a t 15 -day i n t e r v a l s ,
b e g i n n i n g f r o m A u g u s t , t o c o n t r o l f o l i a r d isease. I r r i g a t i o n w a s a p p l i e d a s
n e e d e d .
T h e p h e n o l o g i c a l d a t a w e r e v i s u a l l y o b s e r v e d i n the f i e l d a n d r e c o r d e d .
S a m p l e s o f 10 p l a n t s , w i t h 3 r e p l i c a t i o n s , w e r e t a k e n a t 10 d a y i n t e r v a l s f o r
m e a s u r i n g p l a n t charac te r i s t i cs s u c h a s leaf area i n d e x ( L A I ) , d r y mass o f leaves,
s tems , p e g s , i m m a t u r e p o d s a n d m a t u r e p o d s . T h e f l o w e r n u m b e r s w e r e c o u n t e d
e v e r y d a y a t t h e s a m e s i tes.
A t m a t u r i t y , 1 5 s a m p l e p l o t s (each o f 13.3 m 2 ) p e r hec tare w e r e r a n d o m l y
se lec ted. A l l p l a n t s w i t h i n these s a m p l e p l o t s w e r e d u g u p , p o d s w e r e p i c k e d , a n d
the t o t a l mass o f f r esh p o d s r e c o r d e d . Subsamp les o f 1 k g p e r p l o t f resh p o d w e r e
t a k e n f o r o v e n d r y i n g t o get t he p o d mass a t 10% m o i s t u r e .
Results
T h e Y i e l d a n d the Y i e l d Construct ion
T h e m e a n p o d y i e l d o f 7770 k g h a - 1 (based o n o v e n d r y p o d mass w i t h 10%
m o i s t u r e ) w a s a c h i e v e d o n the 6.7 h a e x p e r i m e n t a l area d u r i n g 1991-1993. T h e
a c t u a l p l a n t p o p u l a t i o n a v e r a g e d 28.5 p l a n t s m - 2 , p o d n u m b e r p e r p l a n t a v e r a g e d
17±2.6 a n d s i n g l e p o d mass a v e r a g e d 1.7+0.1 g . T h e t o ta l b i o m a s s w a s a r o u n d
1.28x l0 4 k g h a - 1 , a n d h a r v e s t i n d e x ( d r y p o d m a s s / t o t a l b i o m a s s x 100) w a s a b o u t
6 0 % .
T h e P h e n o l o g y Course o f S G R C
Tab le 1 s h o w s the p h e n o l o g y d a y s o f S G R C heat u n i t ( H U = E ( d a i l y m e a n
tempe ra tu re -10 ) °C d - 1 ) c a l c u l a t e d f o r each phase . T h e da ta o f SSCG, a n d S G S D
t a k e n f r o m p r e v i o u s research a t S h a n d o n g A g r i c u l t u r a l U n i v e r s i t y , a re a lso l i s t e d
f o r c o m p a r i s o n .
T h e resu l t s s h o w tha t t he d u r a t i o n o f t he g r o w i n g season o f S G R C w a s 2 0 d a y s
less t h a n SSCG, b u t t h e d i f f e rence i n t he d u r a t i o n o f t he y i e l d f o r m a t i o n p h a s e
w a s o n l y 1 3 d a y s . C o m p a r e d w i t h S G S D , S G R C h a d a l o n g e r g r o w i n g season a n d
y i e l d f o r m a t i o n d u r a t i o n . T h i s i m p l i e s t ha t t h e y i e l d p o t e n t i a l o f S G R C i s m u c h
h i g h e r t h a n S G S D , a n d i s c o m p a r a b l e t o t h a t o f SSCG.
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G r o w t h D y n a m i c s o f the M a i n S tem
T h e g r o w t h d y n a m i c s o f the m a i n s t e m h e i g h t c lose ly f o l l o w a s i g m o i d c u r v e
( F i g . 1). I t w a s w e l l f i t t e d b y l og i s t i c e q u a t i o n y = 4 5 . 8 2 / ( l + 3 6 0 . 8 e - 0 . 1 3 0 9 x ) / w h e r e
y = m a i n s t e m h e i g h t ( cm) a n d x = d a y s a f ter s o w i n g ( D A S ) . T h e g r o w t h ra te o f
m a i n s t ems w a s m a x i m u m a t 4 5 D A S (a t t h e f u l l f l o w e r i n g phase) . T h e m a i n
s tems b a s i c a l l y ceased t o g r o w i n l a te J u l y (ea r l y p o d d i n g phase) . F i n a l h e i g h t o f
t h e m a i n s t e m i n S G R C w a s a b o u t 4 5 c m .
F i g u r e 1 . S e a s o n a l c h a n g e i n h e i g h t o f t h e m a i n s t e m o f s u m m e r g r o u n d n u t r e l a y
c r o p p e d w i t h w i n t e r w h e a t ( S G R C ) , T e n g Z h o u C o u n t y , S h a n d o n g , C h i n a , 1 9 9 2 .
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The Seasonal Change of LAI
T h e seasona l c h a n g e o f lea f area p e r p l a n t o f t he h i g h - y i e l d i n g S G R C f i t t e d w e l l
w i t h a q u a d r a t i c e q u a t i o n , y=-33.7447 + 13668X-0.008798x2 , y b e i n g leaf area pe r
p l a n t a n d x b e i n g D A S ( F i g . 2) . T h e p e a k L A I (5.2) o c c u r r e d a t 7 8 D A S ( m i d p o d -
s e t t i n g phase ) . T h e L A I o f h i g h - y i e l d i n g S G R C inc reased r a p i d l y r e l a t i v e l y e a r l y
i n t h e season , s o t h a t i t r eached a f u l l y - c l o s e d c a n o p y ( L A I = 3 ) b y the b e g i n n i n g o f
t he p o d - s e t t i n g phase . D u r i n g the w h o l e y i e l d - f o r m a t i o n phase ( p o d - s e t t i n g
p h a s e p l u s p o d - m a t u r i n g phase) , L A I w a s m a i n t a i n e d a t a l eve l w e l l a b o v e 3 .
F i g u r e 2 . S e a s o n a l c h a n g e o f leaf a r e a o f s u m m e r g r o u n d n u t r e l a y c r o p p e d w i t h
w i n t e r w h e a t ( S G R C ) , T e n g Z h o u C o u n t y , S h a n d o n g , C h i n a , 1992 .
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T h e D y n a m i c s o f F l o w e r i n g , Peg N u m b e r , a n d Pod N u m b e r
S G R C s t a r t e d f l o w e r i n g a t 3 9 D A S , q u i c k l y en te red the f u l l - b l o o m stage, a n d
c o n t i n u e d f u l l b l o o m f o r a b o u t 1 5 days . Just af ter p o d - s e t t i n g , the a m o u n t o f
f l ower ing p e r d a y r e d u c e d q u i c k l y (F ig , 3 ) .
F i v e t o seven d a y s a f ter the f i r s t f l owe r i ng , f o r m a t i o n o f pegs s t a r t ed , a n d
reached a p e a k a t 61 D A S . Y o u n g p o d s ( the k e r n e l v is ib le ) w e r e o b s e r v e d a t 58
D A S , a f te r w h i c h the n u m b e r o f y o u n g p o d s inc reased r a p i d l y u n t i l 7 1 D A S ,
w h e n the p e a k o f y o u n g p o d n u m b e r s o c c u r r e d . T h e n , y o u n g p o d s d e v e l o p e d t o
b e c o m e i m m a t u r e p o d s ( p o d w i t h a n e d i b l e k e r n e l b u t n o t m a t u r e ) . T h e n u m b e r
F i g u r e 3 . T h e d y n a m i c s o f f l o w e r i n g , p e g g i n g , a n d p o d f o r m a t i o n for s u m m e r g r o u n d -
n u t r e l a y c r o p p e d w i t h w i n t e r w h e a t ( S G R C ) , T e n g Z h o u C o u n t y , S h a n d o n g , C h i n a ,
1 9 9 2 .
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Cumulative flower number plant -1.
Cumulative peg number plant -1.
Young pod number (kernel visible but not edible).
Immature pod number (immature pod with edible kernel).
Cumulative mature pod number.
o f i m m a t u r e p o d s h a d a p e a k a t 9 1 D A S , a l t h o u g h , b y t h i s t i m e , s o m e p o d s h a d
m a t u r e d . T h e n u m b e r o f m a t u r e d p o d s i nc reased l i n e a r l y u n t i l h a r v e s t i n g .
T h e C u m u l a t i v e D y n a m i c s o f D r y M a s s
T h e d y n a m i c s o f t o t a l d r y mass a c c u m u l a t i o n c o u l d b e c lose ly s i m u l a t e d u s i n g
t h e e q u a t i o n y = 69 .78 / ( l +124 .5231e - 0 . 0 5 9 3 2 x ) (r = 0.9734**), (F ig . 4 ) , w h e r e y = mass
o f t o t a l d r y m a t t e r ( g p l a n t - 1 ) a n d x b e i n g t he d a y s a f te r s o w i n g . T h e ra te o f
F i g u r e 4 . D y n a m i c s o f c u m u l a t i v e m a s s o f d r y m a t t e r o f s u m m e r g r o u n d n u t r e l a y
c r o p p e d w i t h w i n t e r w h e a t , T e n g Z h o u C o u n t y , S h a n d o n g , C h i n a , 1 9 0 3 .
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Total dry matter (g plant -1).
Pod dry matter (g plant -1).
i nc rease o f t o t a l d r y m a t t e r (CGR) p e a k e d a t 8 1 D A S ( m i d p o d - s e t t i n g phase) . T h e
m e a n C G R d u r i n g p o d - s e t t i n g accoun ts f o r n e a r l y 5 0 % o f t ha t o f t he t o t a l season.
C G R o f h i g h - y i e l d i n g S G R C p l a n t s w a s s t i l l m a i n t a i n e d a t a h i g h l e v e l d u r i n g t he
p o d - m a t u r i t y phase , a n d t h e a m o u n t o f t o t a l d r y m a t t e r a c c u m u l a t e d d u r i n g the
p o d - m a t u r i t y phase w a s 3 4 % o f t ha t o f t o t a l season. T h u s the t o ta l d r y m a t t e r
a c c u m u l a t e d d u r i n g the y i e l d - f o r m a t i o n phase w a s 8 3 % o f t ha t o f the t o ta l g r o w t h
p e r i o d .
Pod Y i e l d Format ion a n d D i s t r i b u t i o n o f D r y M a t t e r
T h e d y n a m i c s o f d a i l y a c c u m u l a t e d p o d y i e l d c o u l d b e w e l l s i m u l a t e d b y
e q u a t i o n (F ig . 4 ) , y=41 .925 / ( l+57244 .17e - 0 . 1 1 5 2 x ) ( r=0.9591 * * ) , w h e r e y is mass of
p o d d r y m a t t e r p e r p l a n t a n d x i s D A S . T h e g r o w t h ra te o f p o d d r y w e i g h t (PGR)
r e a c h e d a p e a k o f 1.21 g p l a n t - 1 d a y - 1 a t 95 D A S (4 d a y s p r i o r t o m a t u r e p o d
f o r m a t i o n ) . D u r i n g the w h o l e y i e l d - f o r m a t i o n phase , P G R o f SGRC ave raged 0.56
g p l a n t - 1 d a y - 1 , w h i c h i s m u c h h i g h e r t h a n tha t o f SSCG (0.31 g p l a n t - 1 d - 1 ) . D u r i n g
the p o d - m a t u r i t y phase the m e a n P G R o f S G R C w a s m a i n t a i n e d a t a h i g h l eve l
(0.75 g p l a n t - 1 d - 1 ) , w h i c h w a s v e r y m u c h h i g h e r t h a n t ha t o f SSCG (0.31 g p l a n t - 1
d - 1 ) .
T h e t o t a l d r y m a t t e r w a s e x c l u s i v e l y v e g e t a t i v e u n t i l the b e g i n n i n g o f p o d
f o r m a t i o n . Thereaf ter , t he d r y m a t t e r p r o d u c e d w a s p a r t i t i o n e d i nc reas i ng l y t o
the p o d s . O n ave rage , 7 5 % o f t he d r y m a t t e r p r o d u c e d d u r i n g the y i e l d f o r m a t i o n
p h a s e i n S G R C w a s p a r t i t i o n e d t o p o d ma t te r , w h i c h i s m u c h h i g h e r t h a n t ha t o f
SSCG (57%) (Table 2) .
Discussion
T h e resu l t s i n d i c a t e d t h a t S G R C h a d a l o n g e r g r o w i n g season, e f fec t i ve b l o o m i n g
stage, p o d - m a t u r i t y phase , a n d y i e l d - f o r m a t i o n phase c o m p a r e d w i t h S G S D , a n d
hence has a h i g h e r a n d m o r e s tab le y i e l d p o t e n t i a l . T h e d u r a t i o n o f t he g r o w i n g
season o f S G R C w a s 2 0 d a y s sho r te r t h a n SSCG, a n d SGRC w a s a lso shor te r i n i ts
v e g e t a t i v e , f l o w e r - p e g g i n g , a n d p o d - m a t u r i t y phases. These shor te r phases w e r e
d i s a d v a n t a g e o u s t o the v e g e t a t i v e g r o w t h , p o d f o r m a t i o n a n d p o d f i l l i n g , t h u s
r e s t r i c t i n g t he h i g h y i e l d p o t e n t i a l o f SGRC. Because o f the h i g h e r t e m p e r a t u r e
d u r i n g t h e e a r l y g r o w i n g season, t h e ra te o f g r o w t h a n d d e v e l o p m e n t o f S G R C
w a s m o r e r a p i d i n t he e a r l y s tages, s o t h a t t he d u r a t i o n o f the y i e l d - f o r m a t i o n
p h a s e w a s o n l y 1 0 d a y s sho r te r t h a n SSCG. F u r t h e r m o r e , t he g r o w t h ra te o f S G R C
i n b o t h v e g e t a t i v e a n d r e p r o d u c t i v e g r o w t h w a s r e l a t i v e l y h i g h : the SGRC c o u l d
a t t a i n a h i g h l e v e l o f C G R , P G R a n d p a r t i t i o n i n g percen tage d u r i n g the y i e l d
f o r m a t i o n p h a s e , s o t h a t t he y i e l d p o t e n t i a l w a s c o m p a r a b l e t o SSCG. I f f a v o r a b l e
c o n d i t i o n s w e r e p r o v i d e d a n d o p t i m u m c u l t u r a l p rac t i ces f o l l o w e d , h i g h y i e l d
c o u l d b e a t t a i n e d w i t h SGRC.
F o r a c h i e v i n g h i g h y i e l d i n S G R C (above 7500 k g ha - 1 ) , i t i s essent ia l t o rea l i ze
o p t i m a l g r o w t h a n d d e v e l o p m e n t d y n a m i c s . S o m e c r i t i c a l pa rame te r s i n each
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p h a s e a re : (1) T h e f l o w e r i n g s tar ts be fo re ea r l y J u l y (35-40 D A S ) , t he y o u n g p o d
f o r m a t i o n b e g i n s a r o u n d 2 0 J u l y (20 d a y s a f ter f l o w e r i n g ) , a n d h a r v e s t i n g i n e a r l y
Oc tobe r , t o k e e p t h e d u r a t i o n o f t he y i e l d - f o r m a t i o n phase n o t less t h a n 7 5 d a y s .
(2) K e e p a n o p t i m u m lea f area e x p a n s i o n ra te , s o t ha t t he c a n o p y c l osu re ( L A I = 3 )
occu rs a t t h e b e g i n n i n g o f y o u n g p o d f o r m a t i o n a n d the h e i g h t o f m a i n s tems
reaches a b o u t 3 5 c m . (3) K e e p a n o p t i m u m p e a k v a l u e o f L A I a t a b o u t 4.5, a n d n o t
less t h a n 2.5 a t h a r v e s t i n g , a n d a m a i n s t e m h e i g h t 40-50 c m .
F e r t i l e l a n d , i r r i g a t i o n fac i l i t i es , a n d a package o f i m p r o v e d prac t ices are
essen t ia l f o r r e a l i z i n g o p t i m a l g r o w t h d y n a m i c s a n d h i g h y i e l d . T h e k e y p rac t i ces
i n v o l v e d a re a s f o l l o w s : (1) H i g h - y i e l d i n g l a r g e - p o d g r o u n d n u t c u l t i v a r s w i t h
m e d i u m d u r a t i o n , e.g. , H u a 37 , o r 79266 s h o u l d b e u s e d . (2) T h e p l a n t p o p u l a t i o n
s h o u l d be 27-30 p l a n t s m - 2 . (3) S o w i n g s h o u l d be 15-20 d a y s p r i o r t o w h e a t
h a r v e s t i n g . (4) I n t e n s i v e f i e l d m a n a g e m e n t d u r i n g t he g r o w i n g season, i n c l u d i n g
h o e i n g , s i d e d r e s s i n g o f f e r t i l i ze r s , i r r i g a t i o n , a p p l i c a t i o n o f a g r o w t h r e g u l a t o r ( L i
X i a n g d o n g e t a l . 1992c), a n d f u n g i c i d e f o r c o n t r o l l i n g f o l i a r diseases s h o u l d a l l b e
i n c l u d e d i n t h e c u l t u r a l p rac t i ces .
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Studies on the Growth Rate and Relations between
the Groundnut Root System and other Organs
Tang Ruihua1 , He Wensong, Liu Yuqian, Wangjianjun, and Bi Keqiang2
Abstract3
O b s e r v a t i o n s o f t h e g r o w t h ra te , f o r m , d i s t r i b u t i o n , a n d c o r r e l a t i o n b e t w e e n
c o m p o n e n t s o f t he g r o u n d n u t r o o t s y s t e m w e r e m a d e o n selected p l an t s a t
r e g u l a r i n t e r v a l s f o r seve ra l years . I n a d d i t i o n , d a t a w e r e o b t a i n e d f r o m m a n y
u n p u b l i s h e d r e p o r t s a n d a ser ies o f f u n c t i o n a l e q u a t i o n s d e v e l o p e d . O n g o o d s o i l ,
t h e m a x i m u m r o o t n u m b e r o b t a i n e d w a s 3 2 858, w i t h a t o t a l r o o t l e n g t h o f 609.6
m a n d d r y w e i g h t o f 34.58 g a t t h e p o d - m a t u r i n g stage. T h e r o o t s y s t e m i s cone-
s h a p e d f r o m the 8 t h t o t he 2 3 r d day , becomes s e m i - c y l i n d r i c a l f r o m the 2 3 r d t o the
3 8 t h day , a n d i s c y l i n d r i c a l a f ter the 3 8 t h day. R o o t mass s h o w s s i gn i f i can t o r
h i g h l y s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n w i t h b r a n c h mass , leaf mass , p e g mass , a n d
k e r n e l mass . T h e n u m b e r o f r oo t s i s n o t s i g n i f i c a n t l y co r re la ted w i t h the n u m b e r
o f leaves, f l o w e r s , pegs , a n d p o d s . H o w e v e r , i t i s s i g n i f i c a n t l y a n d p o s i t i v e l y
c o r r e l a t e d w i t h t h e n u m b e r o f b ranches .
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2. Agricultural Bureau, Wendong, Shandong 264400, China.
3. Editors' note: Despite our concerted efforts, we coult not get a revised full paper from the authors. Hence only an
abstract is published.
Tang Ruihua, He Wensong, Liu Yuqian, Wang Jianjun, and Bi Keqiang. 1996. Studies on the growth rate and
relations between the groundnut root system and other organs. (In En. Summary in Ch.) Page 169-169 in Achieving
high groundnut yields: proceedings of an international workshop, 25-29 Aug 1995, Laixi City, Shandong, China
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Studies on Light Interception, Photosynthesis, and
Respiration in High-yielding Groundnut Canopies
Wang Caibin, Sun Yanhao, Chi Yucheng, Cheng Bo,
Tao Shouxiang, and Chen Dianxu1
Abstract
T w o h i g h - y i e l d i n g va r i e t i e s o f g r o u n d n u t cha rac te r i zed b y f e w b ranches , m e d i u m
d u r a t i o n o f g r o w t h , a n d la rge p o d s w e r e s t u d i e d t o measu re s o m e p h y s i o l o g i c a l
charac te r i s t i cs r e l a t e d t o t he i r c a n o p y m o r p h o l o g y L i g h t d i s t r i b u t i o n t h r o u g h t h e
c a n o p y , l i g h t i n t e r c e p t i o n ra te ( L IR ) a t d i f f e r e n t stages o f t he p l a n t s ' d e v e l o p m e n t ,
d i u r n a l a n d seasona l v a r i a t i o n s i n p h o t o s y n t h e s i s , d a r k r e s p i r a t i o n , a n d the
ef fects o f w a t e r de f i c ienc ies w e r e m e a s u r e d .
T h e m a j o r area o f p h o t o s y n t h e s i s w a s t h e u p p e r o n e - t h i r d o f t he c a n o p y w h i c h
r e c e i v e d f o u r - f i f t h s o f t he so la r r a d i a t i o n a n d c o n t a i n e d a b o u t h a l f o f t h e t o t a l leaf
area. T h e L I R o f t he c a n o p y r e m a i n e d l o w (50% o f so la r r a d i a t i o n reached the
g r o u n d ) u n t i l t h e f l o w e r i n g - p e g g i n g s tage b u t rose t o a p e a k w h i c h w a s
m a i n t a i n e d u n t i l t h e e a r l y - m i d p o d - f i l l i n g s tage.
M e a s u r e m e n t s o f d i u r n a l v a r i a t i o n s i n p h o t o s y n t h e s i s o n a c lear d a y s h o w e d a 
p e a k b e t w e e n 1100-1300 h . N o s i g n o f ' n o o n rest ' o r l i g h t s a t u r a t i o n w a s e v i d e n t
u n d e r n a t u r a l c o n d i t i o n s s o t he d o m i n a n t fac to r w a s i n t e n s i t y o f so la r r a d i a t i o n .
D a r k r e s p i r a t i o n w a s m a x i m u m a t 1100-1500 h a n d m i n i m u m a t 0300-0500 h , a n d
s t r o n g l y d e p e n d e n t o n a i r t e m p e r a t u r e .
O v e r t h e g r o w i n g season the n e t p h o t o s y n t h e t i c ra te inc reased s l o w l y d u r i n g
t h e s e e d l i n g s tage a n d acce le ra ted f r o m the f l o w e r i n g - p e g g i n g stage u n t i l m i d
p o d f o r m a t i o n w h e n i t r eached a p e a k . Pho tosyn thes i s w a s m o r e sens i t i ve t o
w a t e r de f i c ienc ies t h a n d a r k r e s p i r a t i o n .
F r o m these resu l t s p h y s i o l o g i c a l i n d i c e s f o r t he g r o u n d n u t c a n o p y t h a t w o u l d
ensu re y i e l d s o f 7.0-7.5 t ha - 1 w e r e l i s t e d .
1. Shandong Peanut Research Institute, Laixi, Shandong 266601, China.
Wang Caibin, Sun Yanhao, Chi Yucheng, Cheng Bo, Tao Shouxiang, and Chen Dianxu. 1996. Studies on light
interception, photosynthesis, and respiration in high-yielding groundnut canopies. (In En. Summary in Ch.) Pages
171-180 in Achieving high groundnut yields: proceedings of an international workshop, 25-29 Aug 1995, Laixi City,
Shandong, China (Renard, C., Gowda, C.L.L., Nigam, S.N., and Johansen, C. eds). Patancheru 502 324, Andhra
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Introduction
O v e r t he las t t e n yea rs , c u l t i v a t i o n o f h i g h - y i e l d i n g g r o u n d n u t has m a d e grea t
p r o g r e s s i n C h i n a . P o d y i e l d s o f 7.5 t ha - 1 h a v e been a c h i e v e d i n s m a l l a n d
m e d i u m - s c a l e areas i n s o m e r e g i o n s a n d a c o m p l e t e set o f c u l t u r a l p rac t i ces has
b e e n d e t e r m i n e d . R e l e v a n t p a t t e r n s a n d i n d i c e s i n g r o w t h a n d d e v e l o p m e n t o f
h i g h - y i e l d i n g g r o u n d n u t h a v e b e e n r e p o r t e d b y severa l w o r k e r s . H o w e v e r , v e r y
l i t t l e l i t e r a t u r e has been a v a i l a b l e i n C h i n a o n c a n o p y charac ter is t i cs re la ted t o
p h o t o s y n t h e s i s . T h e r e f o r e , i n v e s t i g a t i o n s o n l i g h t i n t e r c e p t i o n , p h o t o s y n t h e s i s ,
a n d d a r k r e s p i r a t i o n i n t h e c a n o p y o f h i g h - y i e l d i n g g r o u n d n u t w e r e c a r r i e d o u t
d u r i n g 1991-94.
Mater ia ls a n d M e t h o d s
Plo ts o f 300-1300 m 2 w e r e p r e p a r e d i n e x p e r i m e n t a l f i e lds a t S h a n d o n g P e a n u t
Research I n s t i t u t e (SPRI) L a i x i , C h i n a , each year . Seeds w e r e s o w n i n t w o - r o w s
b e d c o v e r e d w i t h p o l y t h e n e f i l m (80-90 c m b e d s p a c i n g a n d 40-45 c m r o w
s p a c i n g ) d u r i n g m i d / l a t e A p r w i t h p l a n t dens i t i es o f 135 00-150 000 h i l l s h a - 1 ( 2
seeds h i l l - 1 ) . T h e c r o p w a s h a r v e s t e d d u r i n g e a r l y / m i d Sep y i e l d i n g 7.0-7.7 t h a - 1
(a i r d r i e d t o a m o i s t u r e c o n t e n t o f 8-10%). Var ie t ies u s e d w e r e L u h u a 11 a n d
H a i h u a 1 , b o t h h i g h - y i e l d i n g va r i e t i es w i t h f e w b ranches , m e d i u m - d u r a t i o n , a n d
b i g p o d s . R e g u l a r o b s e r v a t i o n s (10-15 d a y s ) w e r e m a d e a t f i x e d p o i n t s d u r i n g t he
g r o w i n g season. T h e i n t e n s i t y o f so la r r a d i a t i o n w a s m e a s u r e d w i t h a ST-80
M u l t i - p r o b e L i g h t M e t e r , a n d p h o t o s y n t h e s i s a n d d a r k r e s p i r a t i o n w e r e m e a s u r e d
w i t h a Q G D - 0 7 I n f r a r e d - G a s C O 2 A n a l y z e r .
Results a n d Discussion
C a n o p y Structure a n d L i g h t D i s t r i b u t i o n
D i s t r i b u t i o n o f lea f area i n d e x ( L A I ) , a n d d r y w e i g h t o f leaves a n d s tems a m o n g
laye rs w i t h i n t h e w h o l e c a n o p y w e r e i n v e s t i g a t e d b y c u t t i n g t he p l a n t s o f f a t
p r e d e t e r m i n e d h e i g h t s a n d m e a s u r i n g t he a p p r o p r i a t e p l a n t pa r t s ( f i e l d - sec t i on
m e t h o d s ) d u r i n g t h e p e a k s tage o f lea f area ( L A I > 4 ) . Resu l ts (F ig . 1 ) i n d i c a t e d t h a t
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F i g u r e 1 . C a n o p y s t r u c t u r e a n d l ight d is t r ibu t ion o f a h i g h - y i e l d i n g g r o u n d n u t var ie ty ,
S h a n d o n g P e a n u t R e s e a r c h Inst i tu te , S h a n d o n g , C h i n a , 1994 .
leaf d e n s i t y w a s m u c h h i g h e r i n the u p p e r layers . A b o u t 50% o f the leaves ( d r y
m a t t e r based) w a s f o u n d i n t he t o p 1 5 c m o f t he c a n o p y a n d a r o u n d 2 0 % i n t h e t o p
5 c m o f the c a n o p y , w h i l e o n l y a b o u t 3 0 % o c c u r r e d i n the l o w e r h a l f o f the canopy .
D i s t r i b u t i o n o f s tems a m o n g the d i f f e re n t layers o f the c a n o p y w a s the
o p p o s i t e o f t h a t o f leaves: v e r y s m a l l p r o p o r t i o n s w e r e f o u n d i n b o t h t o p a n d
b o t t o m layers . T h e d r y - s t e m mass inc reased q u i c k l y f r o m the t o p t o 1 0 c m h e i g h t
a b o v e g r o u n d l eve l w i t h i n the canopy . A r o u n d 3 0 % o f i ts t o ta l w a s f o u n d w i t h i n
t h e 10-20 c m layers .
T h e spec i f i c lea f mass ( S L M ) , t e n d e d t o increase f r o m b o t t o m t o t o p . T h e S U M
i n t he u p p e r 5 c m o f the c a n o p y w a s m u c h h i g h e r t h a n i n a n y o the r layers ( 2 1 %
h i g h e r t h a n the i m m e d i a t e l y ad jacen t l aye r b e t w e e n the h e i g h t o f 40-45 c m ) . T h i s
p h e n o m e n o n i n the c a n o p y sur face laye r has been s h o w n t o b e s i g n i f i c a n t l y
r e l a t e d t o t h e a p p l i c a t i o n o f p l a n t g r o w t h i n h i b i t o r (PP333), i n a d d i t i o n t o t he h i g h
m e t a b o l i c ac t i v i t i e s o f leaves i n th i s l aye r ( W a n g C a i b i n , S h a n d o n g P e a n u t
Research I n s t i t u t e , p e r s o n a l c o m m u n i c a t i o n , 1995).
L / S ( leaf d r y mass t o s t e m d r y mass) r a t i o , i n g e n e r a l , f o l l o w e d a s i m i l a r t r e n d
t o t h a t o f S L M a m o n g the d i f f e r e n t l aye rs o f the c a n o p y L / S r a t i o exceeded 6 i n
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t h e u p p e r 5 c m o f t h e c a n o p y , a g a i n , m u c h h i g h e r t h a n t h a t i n a n y o t h e r l a y e r s . 
T h i s w a s b e c a u s e ' s t e m s ' i n t h e s u r f a c e l a y e r w e r e o n l y p e t i o l e s . 
T h e i n t e n s i t y o f s o l a r r a d i a t i o n d r o p p e d c o n t i n u o u s l y a s i t p e n e t r a t e d t h e 
g r o u n d n u t c a n o p y d u e t o a b s o r p t i o n b y t h e c a n o p y . T h e c a n o p y c a n b e d i v i d e d 
i n t o t w o p a r t s ( A r e a I a n d A r e a I I ) a c c o r d i n g t o t h e i r l i g h t i n t e r c e p t i o n r a t e ( L I R ) . 
A r e a I , c o n s i s t i n g o f t h e u p p e r 3 0 % o f t h e c a n o p y , w a s t h e m a j o r l i g h t - a b s o r p t i o n 
a r e a , p r o d u c i n g a b o u t 5 0 % o f t h e t o t a l leaf area a n d i n t e r c e p t i n g o v e r 8 0 % o f t h e 
s o l a r r a d i a t i o n a b s o r b e d b y t h e w h o l e c a n o p y . C o n s e q u e n t l y i t s r o l e i n d r y m a t t e r 
p r o d u c t i o n w a s d o m i n a n t . A r e a I I , i n t h e l o w e r 7 0 % o f t h e c a n o p y , c o n t r i b u t e d 
m u c h less t o p l a n t g r o w t h a n d d e v e l o p m e n t c o m p a r e d w i t h A r e a I , a s i t o n l y 
i n t e r c e p t e d a s m a l l p a r t o f t h e s o l a r r a d i a t i o n t o g e t h e r w i t h t h e i n f e r i o r 
a s s i m i l a t i o n p o t e n t i a l o f t h e leaves t h e m s e l v e s a n d t h e o p e n s u r r o u n d i n g s ( s u c h 
a s C O 2 c o n c e n t r a t i o n ) . 
T h e e x t i n c t i o n c o e f f i c i e n t ( k ) i n s u c h v a r i e t i e s a s L u h u a 1 1 a n d H a i h u a 1 , 
r a n g e d f r o m 0.82 t o 0.87 d u r i n g t h e p e a k s t a g e o f g r o u n d n u t l e a f area ( L A I > 0 4 ) o n 
t h e b a s i s o f m u l t i - l o c a t i o n i n v e s t i g a t i o n s . T h e r e l a t i v e i n t e n s i t y o f l i g h t n e a r t h e 
b a s e o f t h e p l a n t c a n b e e s t i m a t e d b y Beer a n d L a m b ' s l a w : I = I 0 e
- k . L A I
 ( w h e r e I o i s 
n a t u r a l l i g h t i n t e n s i t y ) . I f k w a s f i x e d a t 0.85 ( a r o u n d m e a n v a l u e ) a n d 14.4 µ m o l 
m - 2 s - 1 ( S h a n d o n g P e a n u t R e s e a r c h I n s t i t u t e 1990) w a s t a k e n a s t h e l i g h t 
c o m p e n s a t i o n p o i n t o f g r o u n d n u t , t h e r e l a t i o n s b e t w e e n l e v e l s o f p o p u l a t i o n L A I 
a n d E P P D ( e f f e c t i v e p h o t o s y n t h e t i c p e r i o d d u r i n g a d a y ) c a n b e e s t a b l i s h e d 
( F i g u r e 2 ) . 
T h e E P P D o f a w h o l e c a n o p y , o n a c lear d a y , w o u l d e x c e e d 1 0 h w h e n t h e L A I 
o f t h e c a n o p y i s < 4 . I f L A I i n c r e a s e d f r o m 4 t o 5 , m o s t l i g h t w o u l d b e i n t e r c e p t e d 
b y t h e u p p e r c a n o p y w i t h L A I o f 4 . T h e leaves b e l o w t h i s w o u l d h a v e a m e a n 
E P P D o f a r o u n d 8.5 h . W i t h a f u r t h e r i n c r e a s e t o L A I 5.5 t h e m e a n E P P D o f these 
l o w e r l e a v e s w o u l d b e o n l y 5 h . T h e a d d i t i o n a l L A I b e y o n d 5.6 w a s i n e f f e c t i v e 
a n d l e a v e s i n t h i s l o w e r l a y e r w o u l d a l w a y s b e i n a s i t u a t i o n o f c o n s u m p t i o n ' . 
C a n o p y L i g h t I n t e r c e p t i o n R a t i o ( L I R ) D u r i n g t h e G r o w i n g P e r i o d 
T h e L I R o f t h e c a n o p y d u r i n g t h e s e e d l i n g s t a g e w a s l o w , e v e n i n h i g h - y i e l d i n g 
g r o u n d n u t f i e l d s , a n d g e n e r a l l y less t h a n 4 0 % a t t h e o n s e t o f f l o w e r i n g . M o s t s o l a r 
r a d i a t i o n ( o v e r 5 0 % ) r e a c h e d t h e g r o u n d a n d w a s w a s t e d . A s h a r p i n c r e a s e i n L I R 
f o l l o w e d t h e f l o w e r i n g - p e g g i n g s t a g e a n d s o o n r e a c h e d a p e a k ( L I R > 9 0 ) . U s u a l l y 
t h i s p e a k l a s t e d u n t i l e a r l y t o m i d p o d - f i l l i n g stage. T h e l i g h t l e a k i n g r a t e ( L L R ) , 
t h e o p p o s i t e t o L I R , d e c r e a s e d q u i c k l y , a n d c o u l d f a l l a s l o w a s 1.5% a t t h e h i g h e s t 
s t a g e o f L I R . A s l i g h t d e c l i n e i n L I R a n d i n c r e a s e i n L L R o c c u r r e d d u r i n g t h e l a t e r 
g r o w i n g stages. D a t a i n T a b l e 1 w e r e c o l l e c t e d f r o m s e v e r a l l o c a t i o n s w h e r e y i e l d s 
r a n g e d f r o m 7.0-7.5 t h a - 1 . 
B a s e d o n r e s u l t s i n T a b l e 1 i t c a n b e c o n c l u d e d t h a t L I R > 9 0 s h o u l d c o n t i n u e f o r 
a t least 4 5 d a y s i f g r o u n d n u t s a r e t o y i e l d a r o u n d 7.5 t h a - 1 . 
T h e l i g h t - r e f l e c t i n g r a t e o f t h e g r o u n d n u t c a n o p y , d u r i n g t h e w h o l e g r o w i n g 
s e a s o n , w a s c o m p a r a t i v e l y s t a b l e , r a n g i n g f r o m 4 - 8 % , w h i c h w a s i n l i n e w i t h t h e 
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F i g u r e 2 . R e l a t i o n s h i p b e t w e e n leve ls o f leaf a r e a i n d e x (LAI ) a n d e f fec t ive p h o t o -
s y n t h e t i c p e r i o d in a d a y ( E P P D ) .
A r e a A : Ne t p h o t o s y n t h e t i c ra te ( N P R ) > 0 , A r e a B : N P R < 0 , C u r v e C: In tens i ty of so la r
rad ia t i on ( m e a n v a l u e f r o m m o t i d a y s m e a s u r e m e n t s f r o m la te Ju l -ea r l y A u g ) .
resu l t s f o r r i ce (4-6%) a n d w h e a t (5-7%) r e p o r t e d b y G a o L i a n g z i a n d Yen
H o n g z h a n g (1992).
D i u r n a l Va r ia t ion i n Photosynthesis a n d D a r k Respi ra t ion
T h e n e t p h o t o s y n t h e t i c r a te ( N P R ) i n a g r o u n d n u t c a n o p y v a r i e d w i t h t h e
i n t e n s i t y o f so la r r a d i a t i o n d u r i n g a d a y T h e N P R rose c o n s t a n t l y f r o m a b o u t 0600
u n t i l i t r eached i t s p e a k a r o u n d n o o n (1000-1300). I t t h e n decreased g r a d u a l l y a n d
d r o p p e d t o ze ro a f te r 1700-1800. M o r e p h o t o s y n t h a t e s w e r e a c c u m u l a t e d i n t h e
m o r n i n g t h a n i n t h e a f t e r n o o n . A s i m i l a r t e n d e n c y i n t he d i u r n a l v a r i a t i o n o f
p h o t o s y n t h e s i s w a s o b s e r v e d d u r i n g d i f f e r e n t g r o w i n g seasons (F i gu re 3) . O n a 
c l o u d y d a y N P R w a s g e n e r a l l y l o w a n d f l u c t u a t e d s y n c h r o n o u s l y w i t h t h e
i n t e n s i t y o f so la r r a d i a t i o n .
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Tab le 1 . Seasonal va r i a t ion i n l i g h t in tercept ion rate a n d l i g h t l e a k i n g rate,
L a i x i , C h i n a , 1 9 9 3 - 9 4 .
J u n
Ear ly M i d Late
LIR 26-40 34-48 53-67
LLR 55-66 44-57 25-39
J u l A u g Sep
Early M i d Late Early M i d Late Early
64-80 88-92 92-94 92-94 90-93 89-91 86-87
12-28 3.5-7.0 1.5-2.5 2.0-3.0 4.0-5.0 6.5-9.0 8.0-9.0
T h e resu l t s o b s e r v e d i n h i g h - y i e l d i n g g r o u n d n u t f i e l d s i n d i c a t e d t h a t d u r i n g
i t s m a x i m u m s tage, N P R w a s ab le t o reach a s h i g h a s 4.5-5.0 g C O 2 m - 2 l a n d h - 1
a n d t h e d a i l y - a c c u m u l a t e d p h o t o s y n t h a t e c o u l d exceed 3 5 . 0 g C O 2 m - 2 l a n d .
D u r i n g a d a y - n i g h t cyc le , o n e p e a k o c c u r r e d b e t w e e n 1100 a n d 1500 (1-2 h o u r s
la te r t h a n t h a t o f t he N P R ) a n d o n e v a l l e y d u r i n g 0300-0500 i n t he d a r k r e s p i r a t i o n
r a t e ( D R R ) . T h e r a t i o o f p e a k s t o v a l l e y s i n D R R w a s 1.6-2.0. T h e leve ls o f d a r k
r e s p i r a t i o n w e r e h i g h e r i n t he a f t e r n o o n t h a n i n the m o r n i n g , a n d h i g h e r i n e a r l y
p a r t o f n i g h t t h a n i n t h e la te r p a r t . A i r t e m p e r a t u r e seemed t o b e the p r i n c i p l e
fac to r m o d i f y i n g t h e v a r i a t i o n o f d a r k r e s p i r a t i o n , a n d a s i m i l a r v a r y i n g t e n d e n c y
b e t w e e n D R R a n d a i r t e m p e r a t u r e o v e r 24 h w a s o b s e r v e d (F igu re 4).
F i g u r e 3 . D i u r n a l v a r i a t i o n i n n e t p h o t o s y n t h e t i c r a t e ( N P R ) o f h i g h - y i e l d i n g g r o u n d n u t






F i g u r e 4 . D i u r n a l v a r i a t i o n i n d a r k r e s p i r a t i o n ra te ( D R R ) a n d t e m p e r a t u r e (T) o f h i g h -
y i e l d i n g g r o u n d n u t a t S h a n d o n g P e a n u t R e s e a r c h Inst i tu te , S h a n d o n g , C h i n a , 1994 .
Seasonal Var ia t ion in Photosynthesis a n d D a r k Respirat ion
T h e N P R rose s l o w l y i n t he s e e d l i n g s tage, w i t h a n acce lera ted increase af ter the
p l a n t s e n t e r e d t he f l o w e r i n g - p e g g i n g s tage, a n d th i s las ted u n t i l the m i d d l e o f the
p o d - f o r m i n g s tage, w h e n i t p e a k e d . T h e p e a k las ted f o r 20-25 d a y s , t h e n N P R
t e n d e d t o decrease g r a d u a l l y u n t i l t he p l a n t s w e r e m a t u r e . T h e seasonal changes
i n d a r k r e s p i r a t i o n w e r e s i m i l a r t o those i n N P R , except tha t the r a n g e o f v a r i a t i o n
t h r o u g h o u t t he w h o l e g r o w i n g season w a s sma l l e r i n N P R .
Based o n t h e d a t a co l l ec ted f r o m h i g h - y i e l d i n g g r o u n d n u t f i e l ds i t can b e
c o n c l u d e d t h a t >2.5 g C O 2 m - 2 l a n d h - 1 o f m e a n N P R d u r i n g the v i g o r o u s stage o f
p h o t o s y n t h e s i s i n t he g r o u n d n u t c a n o p y s h o u l d b e m a i n t a i n e d f o r 45-50 d a y s t o
o b t a i n y i e l d s o f 7.5 t ha - 1 .
Effects o f Water Def ic i t on Photosynthesis a n d D a r k Respirat ion
T h e response o f p h o t o s y n t h e s i s a n d r e s p i r a t i o n t o w a t e r de f i c i t i n a g r o u n d n u t
c a n o p y w a s assessed u n d e r v a r y i n g so i l m o i s t u r e c o n d i t i o n s . A range o f 50-60%
m a x i m u m w a t e r - h o l d i n g capac i t y ( M W H C ) i s cons ide red o p t i m a l f o r b o t h
f l o w e r i n g a n d p o d - f o r m a t i o n stages b y the S h a n d o n g Peanu t Research I n s t i t u t e
(1990). W h e n s o i l m o i s t u r e w a s c o n t r o l l e d a t 45 .3%, 34.6% a n d 2 5 . 1 % o f M W H C ,
m e a s u r e d i n t h e t o p 3 0 c m o f the so i l a r o u n d f l o r a l i n i t i a t i o n , t he N P R w a s
dec reased b y 3 4 . 1 % , 67 .4% a n d 84 .8%, respec t i ve ly , c o m p a r e d t o the c o n t r o l ( 52%
o f M W H C ) . S i m i l a r resu l ts w e r e o b s e r v e d a t t he p o d - f o r m a t i o n stage. N P R w a s
r e d u c e d b y 5 0 . 1 % w h e n s o i l m o i s t u r e d r o p p e d t o 42.5% a n d b y 78.6% w h e n s o i l
m o i s t u r e w a s 3 0 . 1 % o f M W H C .
N o t a b l e ef fects w e r e o b s e r v e d n o t o n l y o n the l e v e l o f p h o t o s y n t h e s i s , b u t a lso
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T h e d i u r n a l response i n D R R t o w a t e r de f i c i t w a s no t i ceab le t h o u g h n o t s o
e v i d e n t a s i n N P R . T h i s m e a n t t h a t p h o t o s y n t h e s i s w a s m o r e sens i t i ve t o w a t e r
d e f i c i e n c y t h a n d a r k r e s p i r a t i o n (F i gu re 5).
F i g u r e 5 . R e s p o n s e o f g r o u n d n u t p h o t o s y n t h e s i s a n d r e s p i r a t i o n t o w a t e r def ic i t ,
S h a n d o n g P e a n u t R e s e a r c h Ins t i tu te , S h a n d o n g , C h i n a , 1 9 9 4 .
* * (Wate r de f i c i t t r e a t m e n t : 3 6 % M W H C , con t ro l 7 6 % M W H C ) .
N P R ( D R R ) - W D = N P R ( D R R ) u n d e r w a t e r de f i c i t c o n d i t i o n s .
N P R ( D R R ) - C = N P R ( D R R ) u n d e r c o n t r o l .
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C o n c l u s i o n 
T h e u p p e r 3 0 % o f t h e g r o u n d n u t c a n o p y , d u r i n g p e a k L A I (>4), w a s a n i n t e n s i v e 
l i g h t - a b s o r p t i o n area, c o n t a i n i n g a r o u n d 5 0 % o f t h e t o t a l leaf area, a n d a b s o r b i n g 
8 0 % o f t h e t o t a l s o l a r r a d i a t i o n . T h e r e f o r e , i t w a s t h e m a j o r area f o r 
p h o t o s y n t h e s i s . 
T h e e x t i n c t i o n c o e f f i c i e n t ( k ) r a n g e d f r o m 0.82 t o 0.87, s i g n i f i c a n t l y h i g h e r t h a n 
t h a t f o u n d i n s u c h cereal c r o p s a s w h e a t a n d r i c e ( Z h e n g G u a n g h u a , 1979) ( k w a s 
a b o u t 0.7). T h e o p t i m a l v a l u e o f m a x i m u m L A I w a s a p p r o x i m a t e l y 5 a n d t h e 
c r i t i c a l v a l u e w a s 5.5 f o r these v a r i e t i e s . 
T h e N P R v a r i e d w i t h t h e s o l a r r a d i a t i o n d u r i n g a d a y a n d w a s r e p r e s e n t e d b y 
a s i n g l e p e a k e d c u r v e o n a c lear day. T h e p e a k w a s f o u n d a r o u n d n o o n 
(1000-1300). N o s i g n s o f ' n o o n - r e s t ' o r l i g h t s a t u r a t i o n w e r e e v i d e n t u n d e r n a t u r a l 
c o n d i t i o n s ( m a x i m u m 1 6 . 0 4 8 . 0 µ m o l m - 2 s - 1 ) . I n h i g h - y i e l d i n g c u l t i v a t i o n , t h e 
m a x i m u m N P R i n a g r o u n d n u t c a n o p y c a n r e a c h a s h i g h a s 4.5-5.0 g C O 2 m - 2 l a n d 
h - 1 a n d t h e d a i l y - a c c u m u l a t e d p h o t o s y n t h a t e m a y e x c e e d 35.0 g C O 2 m - 2 l a n d o n 
a c lear d a y . 
T h e d i u r n a l v a r i a t i o n i n D R R , d u r i n g a d a y - n i g h t c y c l e , p r e s e n t e d o n e p e a k 
o c c u r r i n g f r o m 1100-1300 h a n d o n e v a l l e y b e t w e e n 0300-0500 h . T h e r a t i o o f p e a k 
t o v a l l e y w a s 1.6-2.0, a n d t h e d o m i n a n t f a c t o r a f f e c t i n g t h i s d a y - n i g h t v a r i a t i o n 
w a s a i r t e m p e r a t u r e . 
T h e s e a s o n a l v a r i a t i o n i n b o t h L I R a n d N P R t e n d e d t o b e s i m i l a r d u r i n g w h o l e 
g r o w i n g s e a s o n , i.e., r i s i n g s l o w l y i n t h e s e e d i n g stage a n d q u i c k l y i n t h e 
f l o w e r i n g - p e g g i n g s t a g e , r e a c h i n g a p e a k a r o u n d t h e m i d d l e o f t h e p o d - f o r m i n g 
s t a g e , t h e n r e s t i n g f o r a p e r i o d , t h e l e n g t h o f w h i c h w a s m a i n l y d e t e r m i n e d b y 
c u l t u r a l p r a c t i c e s , a n d d e c r e a s i n g s l i g h t l y d u r i n g t h e later g r o w t h stages. 
T h e p h y s i o l o g i c a l i n d i c e s o f g r o u n d n u t c a n o p y n e e d e d t o o b t a i n s t a b l e y i e l d s 
of 7.0-7.5 t ha - 1 c a n be e s t a b l i s h e d b a s e d on t h i s s t u d y . 
T h e y are: 
• M a x i m u m L A I a b o u t 5 , n o t m o r e t h a n 5.5. 
• > 9 0 % L I R m a i n t a i n e d o v e r 4 5 d a y s . 
• M a x i m u m N P R s h o u l d e x c e e d 4.5 g C O 2 m - 2 l a n d h - 1 a n d >2.5 g C O 2 m - 2 l a n d 
h - 1 d a i l y - m e a n N P R m a i n t a i n e d f o r 45-50 d a y s d u r i n g the v i g o r o u s g r o w t h 
p h a s e . 
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Technology Transfer
Technology Development and Transfer in Agriculture
S N Nigam and C L L Gowda1
Abstract
T e c h n o l o g y d e v e l o p m e n t i s a response o f sc ien t i f i c k n o w l e d g e to the c h a n g i n g
needs o f c o n s u m e r s , f a r m e r s , c o m m u n i t y , c o u n t r y , a n d w o r l d t rade . I n the la te
1960s a n d e a r l y 1970s the re w a s a need to increase t o ta l p r o d u c t i o n by i n t e n s i v e
a g r i c u l t u r e . H o w e v e r , i n t h e 1990s, the e m p h a s i s has s h i f t e d t o w a r d s t e c h n o l o g y
d e v e l o p m e n t t h a t cons ide rs f a r m e r s ' needs , uses i n d i g e n o u s t e c h n o l o g y t o
c o m p l e m e n t sc ien t i f i c d e v e l o p m e n t s , a n d g i ves d u e c o n s i d e r a t i o n t o
s u s t a i n a b i l i t y o f n a t u r a l resources a n d o the r e n v i r o n m e n t a l concerns . Techno logy
d e v e l o p m e n t a n d t rans fe r are d y n a m i c , a n d the success o f a n e w t e c h n o l o g y i s
d e t e r m i n e d b y i ts a d a p t a b i l i t y t o , a n d i ts a d o p t i o n by, the c l ien t g r o u p s . I t requ i res
a g o o d research a n d e x t e n s i o n i n f r a s t r u c t u r e , congen ia l po l i c ies , a n d m a r k e t f o r
the c o m m o d i t i e s . I m p r o v e d techno log ies need n o t b e i n n o v a t i o n s , b u t c o u l d b e
rea l l oca t i ons o f resources, a n d r e a l i g n m e n t s o f c o m p o n e n t s o f e x i s t i n g prac t ices t o
m a t c h t he needs o f f a r m e r s a n d ag ro -soc ioeconomic c o n d i t i o n s . I n v o l v i n g
f a r m e r s i n i d e n t i f i c a t i o n a n d p r i o r i t i z a t i o n o f p r o d u c t i o n cons t ra in ts , a n d i n
p l a n n i n g a n d m a n a g i n g o n - f a r m research t r i a l s i s necessary t o focus o n ta rge t
g r o u p s ' r e q u i r e m e n t s . ICRISAT's exper ience a n d ro le i n t e c h n o l o g y t rans fe r
i n v o l v i n g n a t i o n a l p r o g r a m s , w i t h p a r t i c u l a r re ference t o L e g u m e s O n - f a r m
T e s t i n g a n d N u r s e r i e s (LEGOFTEN) a n d A s i a n G r a i n L e g u m e s O n - f a r m Research
(AGLOR) p r o g r a m s are d i scussed i n the paper .
1. ICRISAT Asia Center, Patancheru 502 324, Andhra Pradesh, India.
ICRISAT Conference Paper no. CP 1156.
Nigam S. N. and Gowda C. L. L. 1996. Technology development and transfer in agriculture. (In En. Summary in Ch.)
Pages 183-193 in Achieving high groundnut yields: proceedings of an international workshop, 25-29 Aug 1995, Laixi
City, Shandong, China (Renard, C., Gowda, C.L.L., Nigam, S.N., and Johansen, C. eds.). Patancheru 502 324, Andhra
Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics.
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Introduction
A g r i c u l t u r e s t a r t ed w i t h t he d o m e s t i c a t i o n o f u s e f u l p l a n t s a n d w i t h th i s b e g a n
t h e p rocess o f t e c h n o l o g y d e v e l o p m e n t . W h a t w e ca l l t o d a y ' t r a d i t i o n a l
a g r i c u l t u r e ' i s t h e a c c u m u l a t i o n o f f a r m e r s ' k n o w l e d g e a n d exper iences o v e r
m a n y g e n e r a t i o n s . T r a d i t i o n a l a g r i c u l t u r e ' w a s d y n a m i c a n d ever e v o l v i n g , b u t
a lso i n h a r m o n y w i t h n a t u r e a n d t he fa rmer . H o w e v e r , i n c reas ing h u m a n
p o p u l a t i o n p ressu re a n d t h e i n d u s t r i a l r e q u i r e m e n t s o f a g r i c u l t u r a l r a w m a t e r i a l s
h a v e d i s t o r t e d t h i s e q u i l i b r i u m a n d t he n e e d f o r n e w k n o w l e d g e a n d t e c h n o l o g y
has i nc reased grea t ly . M a n y techno log ies h a v e e v o l v e d b u t the e q u i l i b r i u m w i t h
n a t u r e has n e v e r b e e n res to red . I nca l cu l ab le h a r m has b e e n d o n e t o a g r i c u l t u r a l
s y s t e m s , s o o f t e n because o f o v e r e x p l o i t a t i o n . Recent concerns h a v e a d d e d n e w
d i m e n s i o n s t o t h e t e c h n o l o g y d e v e l o p m e n t a n d t rans fe r process. E f fo r ts are n o w
b e i n g d i r e c t e d t o w a r d s a c h i e v i n g a n e w e q u i l i b r i u m w i t h n a t u r e w h i l e m a k i n g
a g r i c u l t u r e se l f - sus ta inab le a n d i n c r e a s i n g l y p r o d u c t i v e .
Technology
Sc ien t i f i c k n o w l e d g e , w h e n p u t t o r o u t i n e use f o r the bene f i t o f m a n k i n d , i s ca l led
t e c h n o l o g y . A n y n e w t e c h n o l o g y t o f i n d acceptance m u s t b e c o m p e t i t i v e i n
t o d a y ' s a n d t o m o r r o w ' s e n v i r o n m e n t s , a n d b r i n g a b o u t e c o n o m i c bene f i t s a t a l l
l eve ls o f a soc ie ty w h i l e m a i n t a i n i n g eco - f r i end l i ness , se l f - sus ta inab i l i t y o f t he
s y s t e m , a n d soc ia l a n d c u l t u r a l c o m p a t i b i l i t y .
Technology D e v e l o p m e n t
T e c h n o l o g y d e v e l o p m e n t i s a n o n - g o i n g response o f sc ien t i f i c k n o w l e d g e t o
c h a n g i n g r e q u i r e m e n t s o f society. I t focuses o n a ta rge t g r o u p k e e p i n g i n m i n d the
resou rce base, s o c i o - c u l t u r a l fac to rs , a n d g o v e r n m e n t po l i c ies t o e x p l o i t the
a v a i l a b l e o p p o r t u n i t i e s a n d m a t c h sc ien t i f i c k n o w l e d g e w i t h r e q u i r e m e n t s .
A g o o d d e v e l o p m e n t p rocess s h o u l d be f l ex i b l e a n d o f fe r o p t i o n s t o t he ta rge t
g r o u p f o r success fu l a d a p t a t i o n a n d a d o p t i o n o f a n y n e w techno logy . G e n e r a t i o n
o f n e w sc ien t i f i c k n o w l e d g e i s essent ia l t o u p g r a d e t he e x i s t i n g techno logy , so a 
s t r o n g a n d w e l l - f o c u s e d research p r o g r a m i s a p r e r e q u i s i t e f o r a n y t e c h n o l o g y
d e v e l o p m e n t . T h i s research p r o g r a m m a y i n v o l v e b o t h o n - s t a t i o n a n d o f f - s t a t i o n
research w h i c h c o m p l e m e n t each o t h e r a n d h e l p i n d e v e l o p i n g the m o s t
a p p r o p r i a t e t e c h n o l o g y D e v e l o p m e n t s i n sc ien t i f i c k n o w l e d g e d o n o t necessar i l y
add ress soc ia l , c u l t u r a l , a n d e c o n o m i c issues s o i t i s le f t t o t he t e c h n o l o g y
d e v e l o p m e n t p rocess ( p u t t i n g sc ien t i f i c k n o w l e d g e t o p r a c t i c a l use b y the soc ie ty )
t o a d d r e s s these issues a n d i m p r o v e the q u a l i t y o f l i f e a n d the e n v i r o n m e n t .
V e r i f i c a t i o n o f t h e t e c h n o l o g y i n t he t a rge ted s y s t e m i s a n i m p o r t a n t p a r t o f t he
t e c h n o l o g y d e v e l o p m e n t process .
I n t h e c u r r e n t a g r i c u l t u r a l con tex t , t he d e v e l o p m e n t o f a n e w t e c h n o l o g y
i n v o l v e s i n c r e a s i n g p r o d u c t i v i t y a t t he f a r m l e v e l i n a n e c o - f r i e n d l y a n d
sus ta i nab le m a n n e r . A s i m p l i s t i c a p p r o a c h i s t o f i r s t i d e n t i f y t hose cons t ra i n t s t h a t
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af fec t p r o d u c t i o n a t the f a r m l e v e l , a n d t o dev i se a p p r o p r i a t e s o l u t i o n s t o
o v e r c o m e t h e m . T h e ro l e o f f a r m e r s a n d ex tens ion is ts i n th i s process i s c r u c i a l .
T h e i r i n v o l v e m e n t h e l p s i n m a i n t a i n i n g the focus a n d re levance o f t he t e c h n o l o g y
t o t h e rea l f a r m s i t u a t i o n . T h e ro l e o f i n d i v i d u a l c o m p o n e n t s o f t e c h n o l o g y a n d
the i r s y n e r g i s m l e a d i n g t o a f u l l package s h o u l d b e h i g h l i g h t e d t o f a r m e r s i n a n
u n d e r s t a n d a b l e w a y s o t h a t t h e y c a n m a k e the i r cho ice .
I n s t e a d o f a i m i n g f o r g r e e n r e v o l u t i o n s w h i c h w i l l b e d i f f i c u l t t o i m p l e m e n t i n
r a i n f e d resou rce -poo r a g r i c u l t u r a l areas, a s tep -w ise p rog ress i on i n u p g r a d i n g
t e c h n o l o g y m a y be m o r e a p p r o p r i a t e t o ach ieve sus ta inab le ag r i cu l t u re . A f u l l
p a c k a g e o f t echno logy , t h o u g h m o r e bene f i c ia l , m a y n o t f i n d w i d e acceptance.
F a r m e r s w i l l choose the w h o l e package , o r selected c o m p o n e n t s o f t he techno logy ,
d e p e n d i n g on t h e i r p e r c e p t i o n o f t he benef i ts . For sus ta inab le d e v e l o p m e n t , a 
ba lance has t o b e s t r u c k b e t w e e n t h e s h o r t - t e r m a n d l o n g - t e r m ga ins , a n d
awareness o f the l o n g - t e r m ga ins w i l l h a v e t o b e created t h r o u g h e d u c a t i o n . Cos ts
o f c o m m u n i t y ac t i ons a n d also o f i n d i v i d u a l ac t ions l e a d i n g t o c o m m u n i t y bene f i t
w i l l h a v e t o b e b o r n e b y t he c o m m u n i t y o r g o v e r n m e n t .
Technology Transfer
A n e f fec t i ve t e c h n o l o g y t rans fe r s y s t e m requ i res a c a r e f u l l y t h o u g h t o u t p l a n ,
c l ea r l y c o m m u n i c a b l e ideas , a n d a c o o p e r a t i v e e f fo r t . I t s h o u l d be capab le o f
d e a l i n g w i t h a w i d e s p e c t r u m o f g r o u n d rea l i t ies . I n each s i t u a t i o n , the
f u n d a m e n t a l s o f t he process r e m a i n t he same , o n l y o p e r a t i o n a l cons ide ra t i ons
a n d i m p l i c a t i o n s va ry . Techno log ies c o m p a t i b l e w i t h fe l t needs , e c o n o m i c a n d
s o c i o - c u l t u r a l fac to rs , a n d g o v e r n m e n t po l i c ies are a m e n a b l e t o e f fec t i ve t ransfer .
Partners in Technology D e v e l o p m e n t and Transfer
A g r i c u l t u r e i n the d e v e l o p e d w o r l d i s fast a d v a n c i n g a n d t he a d o p t i o n o f
t e c h n o l o g y occu rs a t a r a p i d ra te . H o w e v e r , i n m a n y d e v e l o p i n g coun t r i es ,
a g r i c u l t u r e i s y e t t o b e i n f l u e n c e d b y the r a p i d change a n d p rogress o f science a n d
t e c h n o l o g y i n m a n y areas. A f e w ' r e v o l u t i o n s ' h a v e o c c u r r e d i n d e v e l o p i n g w o r l d
a g r i c u l t u r e , b u t t h e y l a r g e l y r e m a i n c o n f i n e d t o assured i r r i g a t e d areas a n d
c a p i t a l - i n t e n s i v e p r o d u c t i o n sys tems.
O v e r t he pas t 4 0 years , v a r i o u s reasons h a v e been g i v e n f o r t he f a i l u r e o f
r e s o u r c e - p o o r f a r m e r s t o a d o p t n e w techno logy . I n the la te 1980s a n d e a r l y 1990s,
i t w a s r e a l i z e d tha t the ava i l ab l e t e c h n o l o g y d i d n o t m a t c h t h e goa ls o f resource-
p o o r f a r m e r s because t h e y d i d n o t p a r t i c i p a t e i n p l a n n i n g a n d e v a l u a t i o n o f
t e c h n o l o g y ( C h a m b e r s e t a l . 1989). T h e c u r r e n t emphas i s , the re fo re , i s on f a r m e r s '
p a r t i c i p a t i o n i n the process o f t e c h n o l o g y d e v e l o p m e n t a n d a d a p t a t i o n . T h e
f a r m e r i s be t te r e q u i p p e d t o g i v e a p p r o p r i a t e i n p u t t o t he process o f t e c h n o l o g y
d e v e l o p m e n t , a d a p t a t i o n , a n d t rans fe r a s h e o r she i s the o n l y i n t e g r a t o r o f a l l
f ac to rs (sc ien t i f i c , e c o n o m i c a n d socia l ) a t t he f a r m l eve l .
T h e n e e d f o r i n n o v a t i o n a n d change s h o u l d o r i g i n a t e f r o m f a r m e r s . I m p o s e d
c h a n g e w i l l n o t b e l o n g - l a s t i n g . E x t e n s i o n w o r k e r s a n d researchers c a n o n l y h e l p
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f a r m e r s t o a r t i c u l a t e t h e i r d e m a n d f o r i n n o v a t i o n . Researchers s h o u l d o f fe r a 
c h o i c e o f t e c h n o l o g y o p t i o n s a n d rea l i ze t h a t t e c h n o l o g y based o n a n d u s i n g
i n d i g e n o u s k n o w a n d resources i s l i k e l y t o b e m o r e a p p e a l i n g t o f a r m e r s .
B o t h f a r m e r s a n d e x t e n s i o n w o r k e r s c a n h e l p the researcher i n u n d e r s t a n d i n g
i n d i g e n o u s k n o w l e d g e . I n v o l v e m e n t o f b o t h f a r m e r s a n d ex tens ion w o r k e r s i n
t h e c o m p l e t e p rocess o f t e c h n o l o g y d e v e l o p m e n t i s essent ia l i f o n e i s t o g a i n the i r
c o n f i d e n c e a n d accep tance o f t he t e c h n o l o g y A s success o f a t e c h n o l o g y i s j u d g e d
b y i t s a d o p t i o n , t he f a r m e r i s t h e u l t i m a t e j u d g e .
Experiences w i t h Technology Transfer in Agr icul ture
L e g u m e s O n - f a r m Test ing Nurser ies ( L E G O F T E N ) i n I n d i a
E d i b l e o i l i m p o r t s i n t o I n d i a d u r i n g t h e 1981-86 p e r i o d rose t o US$2 b i l l i o n p e r
year . T h e G o v e r n m e n t o f I n d i a l a u n c h e d a T e c h n o l o g y M i s s i o n o n O i l seeds ' i n
1986 t o inc rease i n d i g e n o u s p r o d u c t i o n o f o i l seeds a n d m a k e the c o u n t r y sel f-
s u f f i c i e n t i n t h e e d i b l e o i l sector. I C R I S A T w a s i n v i t e d b y t he g o v e r n m e n t t o h e l p
i n t e s t i n g , a d a p t i n g , a n d d i s s e m i n a t i n g i m p r o v e d g r o u n d n u t p r o d u c t i o n
techno log i es i n c o l l a b o r a t i o n w i t h t he n a t i o n a l research a n d ex tens ion p r o g r a m s
i n I n d i a . T h e L E G O F T E N U n i t a t I C R I S A T A s i a C e n t e r w a s c rea ted i n 1987 i n
response t o t h i s r eques t f r o m the g o v e r n m e n t ( I C R I S A T 1993). A n i n i t i a l j o i n t -
p l a n n i n g m e e t i n g w a s h e l d t o assess t he p r o d u c t i o n techno log ies u s e d b y f a r m e r s
a n d t o f o r m u l a t e a n i m p r o v e d t e c h n o l o g y p a c k a g e w i t h l oca l v a r i a t i o n f o r t e s t i n g
i n d i f f e r e n t a g r o c l i m a t e s (Table 1).
Se lec ted e x t e n s i o n s ta f f a n d m a n a g e r s o f seed f a r m s p a r t i c i p a t e d i n a n
o r i e n t a t i o n - c u m - t r a i n i n g cou rse o n t he c o n d u c t o f o n - f a r m t r i a l s a n d the use o f
v a r i o u s c o m p o n e n t s o f i m p r o v e d t e c h n o l o g y be fo re i n i t i a t i n g o n - f a r m t r i a l s .
A l t h o u g h t h e f i r s t y e a r ' s v e r i f i c a t i o n t r i a l s w e r e c o n d u c t e d o n seed f a r m s , t he
s u b s e q u e n t t e s t i n g w a s o n - f a r m i n v o l v i n g f a r m e r s .
T h e o n - f a r m t r i a l s h a d f o u r t r ea tmen ts a t each l o c a t i o n a n d each t r e a t m e n t
c o v e r e d 0*2 h a .
T 1 : I m p r o v e d c u l t u r a l p rac t i ces + i m p r o v e d v a r i e t y ( I m p r o v e d t e c h n o l o g y ) .
T 2 : I m p r o v e d c u l t u r a l p rac t i ces + l oca l va r i e t y .
T 3 : L o c a l c u l t u r a l p rac t i ces + i m p r o v e d va r ie t y .
T 4 : L o c a l c u l t u r a l p rac t i ces + l oca l v a r i e t y (Fa rme rs ' p rac t i ce ) .
D u r i n g 1987-90, 141 t r i a l s (83 i n r a i n y seasons a n d 5 8 i n p o s t r a i n y seasons)
w e r e c o n d u c t e d . T h e i m p r o v e d c u l t u r a l p rac t i ces g a v e 20 .2% m o r e p o d y i e l d a n d
i m p r o v e d v a r i e t i e s g a v e 2 6 3 % m o r e p o d y i e l d o v e r l o ca l c u l t u r a l p rac t i ces a n d
l o c a l v a r i e t i e s (Tab le 2) . T h e i m p r o v e d t e c h n o l o g y ( i m p r o v e d c u l t u r a l p rac t i ces + 
i m p r o v e d va r i e t i es ) g a v e , o n ave rage , 6 1 % m o r e p o d y i e l d t h a n f a r m e r s ' p rac t i ce
( e x i s t i n g c u l t u r a l p rac t i ces + t r a d i t i o n a l va r i e t i es ) , s h o w i n g t he syne rg i s t i c e f fec t
o f i m p r o v e d c u l t u r a l p rac t i ces a n d
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Tab le 1 . I m p r o v e d a n d local g r o u n d n u t p roduct ion technologies 1 for o n - f a r m
tr ia ls /demonstra t ions , I n d i a .
F i e l d o p e r a t i o n / i n p u t
L a n d p r e p a r a t i o n
Basa l f e r t i l i z e r s (ha"1)
S o w i n g d a t e
Seedbed
V a r i e t y
Seed ra te (ha-1 )
S p a c i n g
W e e d c o n t r o l
Seed d r e s s i n g ( k g - 1 seed)
S o w i n g m e t h o d
G y p s u m (ha-1 )
I m p r o v e d package
P l o w i n g , c l o d c r u s h i n g ,
a n d h a r r o w i n g t o o b t a i n
a f ine t i l t h
F Y M 1 = 10 t 
A m m o n i u m s u l p h a t e = 
100 k g
SSP = 300-400 kg
M O P 1 = 0-80 k g
Z n S O 4 1 = 10-20 kg (once
in 3 years)
J u n w i t h m o n s o o n ( r a i n y
s e a s o n ) / N o v ( p o s t r a i n y
season)
B r o a d b e d 1 (o r n a r r o w
bed )
ICGSs 11,21,37,44,65,76,
I C G ( F D R S ) 4 or
I C G ( F D R S ) 10
120-125 k g
30 x 10 c m
S t o m p ® 1 30 EC 3.0-3.5 L 
ha- 1 (o r h a n d w e e d i n g )
T h i r a m 1 , Bav i s t i n® o r
D i t h a n e M 45® @ 2-3 g 
D i b b l i n g 1 / d r i l l i n g
400 k g a t f l o w e r i n g
L o c a l package (genera l )
D e e p p l o w i n g once , l i g h t
p l o w i n g t w i c e ,
h a r r o w i n g t w i c e
F Y M = 5-12 t 
D A P = 100 k g
M O P = 100 k g
Z n S O 4 = 20 kg
J u n / N o v , Dec
F la t
T M V 2, T M V 7, JL 24, SB
X I , C o 2 , S 206, K R G 1 ,
G G 2, V R I 2 , A K 12-24
125-150 k g
30 x 10 o r 45 x 10 c m
H a n d w e e d i n g
T h i r a m @ 2 g
B e h i n d p l o w / d r i l l i n g
200 k g a t f l o w e r i n g
Cont inued. . . . . .
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T a b l e 1. Continued.... 
F i e l d o p e r a t i o n / i n p u t
P l a n t p r o t e c t i o n
N u t r i e n t s
I r r i g a t i o n
H a r v e s t
I m p r o v e d package
B a v i s t i n ® 1 50 WP 250 g 
+ D i t h a n e 1 M 45®
o r c h l o r o t h a l o n i l
(Kavach®)
75 WP 1 kg ha - 1 f o r leaf
spo ts a n d rus t , as
r e q u i r e d
D i m e t h o a t e 30 EC 660
m L h a - 1 f o r t h r i p s ,
jass ids , a n d lea f m i n e r
M o n o c r o t o p h o s 36 EC 1 
L ha -1 or E n d o s u l f a n 35
E C 2 L ha-1 f o r
Spodoptera a n d
Helicoverpa
1-2 s p r a y s of FeSO 4 1 , 2.5
kg + 5 kg h a - 1 u rea , 30
a n d 45 d a y s a f ter
emergence ( I n b l a c k so i ls
w h e r e p l a n t s s h o w
y e l l o w i n g )
S p r i n k l e r 1 (o r f u r r o w )
W i t h 65-70% p o d
m a t u r i t y
L o c a l package (genera l )
N e e d based
F l o o d i n g
W i t h m a t u r i t y
1. The above practices in the improved package were compulsory for on-farm trials in the first year. Later on, with
increased knowledge and experience, several of the practices were made optional and alternatives were
suggested.
(Source: Legumes On-farm and Nursery Unit (LEGOFTEN). A brief report of work. January 1987 - January 1991.
ICRISAT, unpublished report).
A l t h o u g h t h e r e c o m m e n d e d i m p r o v e d c u l t u r a l p rac t i ces w e r e r i g i d i n t he f i r s t
year , t o assess t h e i r f u l l p o t e n t i a l , t h e y w e r e m o d i f i e d / i m p r o v e d u p o n based o n
t h e f e e d b a c k f r o m e x t e n s i o n s ta f f a n d f a r m e r s , a n d b a c k u p o n - s t a t i o n t r i a l s . T h e
b a c k u p t r i a l s i n v o l v e d s tud ies o n bene f i t s d u e t o l a n d p r e p a r a t i o n a n d l a n d
c o n f i g u r a t i o n s , f e r t i l i z e r use , i r r i g a t i o n sys tems , pes t m a n a g e m e n t , a n d
a p p r o p r i a t e c r o p p i n g sys tems . F a r m e r s t h e m s e l v e s e x p e r i m e n t e d a n d m o d i f i e d a 
f e w c o m p o n e n t s . F o r e x a m p l e , t h e w i d t h o f t he b r o a d b e d w a s r e d u c e d f r o m 1.5 m 
t o 0.75 m s o t h a t f u r r o w i r r i g a t i o n c o u l d b e e f fec t i ve i n r e d l a te r i t i c so i ls . S i m i l a r l y ,
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Table 2 . Economic analysis o f g r o u n d n u t product ion f o l l o w i n g i m p r o v e d a n d
local cu l tura l practices a n d variet ies in I n d i a , 1987 -90 .
N o . o f Tr ia ls
R a i n y season 83
P o s t r a i n y season 58
P o d y i e l d m e a n ( t ha - 1 )
I m p r o v e d c u l t u r a l p rac t ices
I m p r o v e d
v a r i e t y
1.96
2.87
L o c a l
v a r i e t y
1.47
2.13
L o c a l c u l t u r a l p rac t i ces
I m p r o v e d L o c a l
v a r i e t y v a r i e t y
1.53 1.21
2.26 1.79
Y i e l d benef i t
( ove r f a r m e r s ' p rac t i ces ) 1
I m p r o v e d c u l t u r a l p rac t i ces (%)
I m p r o v e d v a r i e t y (%)
I m p r o v e d c u l t u r a l p rac t ices + i m p r o v e d v a r i e t y (%)
Extra cost a n d benef i t o f i m p r o v e d technology 2
E x t r a p r o d u c t i o n cost (Rs. ha - 1 )
E x t r a n e t bene f i t (Rs. ha - 1 )


















1. Farmers' practices = Local cultural practices + Local varieties.
2. Improved technology = Improved cultural practices + Improved varieties.
3. Normal cost or benefit following farmers' practices; average selling price of groundnut pods for seven seasons was
Rs. 8000 t-1
(Source: Legumes On-farm and Nursery Unit (LEGOFTEN). A brief report of work. January 1987 - January 1991.
ICRISAT, unpublished report).
f a r m e r s d e v e l o p e d a f e w i m p l e m e n t s to m a k e b r o a d b e d s , seed d r i l l s , d i g g e r s , etc.
S u c h ac t i ve p a r t i c i p a t i o n a n d i n v o l v e m e n t o f t he f a r m e r s e n r i c h e d the o n - f a r m
research process.
A n o t h e r sa l ien t fea tu re o f t he L E G O F T E N Pro ject w a s t h e i n v o l v e m e n t o f t h e
N a t i o n a l D a i r y D e v e l o p m e n t B o a r d ( N D D B ) , A n a n d , I n d i a , w i t h i t s w e l l -
es tab l i shed n e t w o r k o f State C o o p e r a t i v e O i l s e e d G r o w e r s ' Fede ra t i ons (SCOGF)
t o h e l p f a r m e r s i n p r o d u c t i o n , d i s t r i b u t i o n , a n d m a r k e t i n g o f o i l seeds. T h e j o i n t
e f f o r t o f N D D B a n d I C R I S A T w a s i n s t r u m e n t a l i n t r a n s f e r r i n g i m p r o v e d
g r o u n d n u t p r o d u c t i o n t e c h n o l o g y t o f a r m e r s t h r o u g h the SCOGFs . N o w I n d i a
has a l m o s t a c h i e v e d se l f -su f f i c iency i n the e d i b l e o i l seeds sector w i t h g r o u n d n u t ,
a m o n g o t h e r o i l seed c r o p s , m a k i n g a s i gn i f i can t c o n t r i b u t i o n t o th i s a c h i e v e m e n t .
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A s i a n G r a i n Legumes O n - f a r m Research ( A G L O R )
i n South a n d Southeast As ia
T h e success o f L E G O F T E N i n I n d i a p r o m p t e d o the r A s i a n coun t r i es t o u n d e r t a k e
s i m i l a r p ro jec ts i n c o l l a b o r a t i o n w i t h I C R I S A T . T h e F A O / R A S / 8 9 / 0 4 0 p ro jec t
a p p r o v e d f u n d i n g f o r A G L O R Projects t o b e u n d e r t a k e n i n I n d o n e s i a , N e p a l , S r i
L a n k a , a n d V i e t n a m i n 1989. M e e t i n g s w e r e h e l d i n each o f t he p ro jec t c o u n t r i e s t o
r e v i e w a n d d o c u m e n t the ava i l ab l e t e c h n o l o g y a n d d e c i d e o n the ta rge t areas f o r
research . D i a g n o s t i c s u r v e y s u s i n g r a p i d r u r a l a p p r a i s a l w e r e c o n d u c t e d i n each
ta rge t area (a t least t w o areas r e p r e s e n t i n g d i v e r s e c r o p p i n g sys tems) t o i d e n t i f y
a n d p r i o r i t i z e f a r m e r - p e r c e i v e d cons t ra i n t s ( G o w d a e t a l . 1993). T h e y w e r e
g r o u p e d i n t o s o c i o e c o n o m i c , b i o t i c , a n d ab io t i c cons t ra in ts .
T h e j o i n t t e a m o f N A R S a n d I C R I S A T sc ient is ts p r e p a r e d p l a n s f o r e x p e r i m e n t s
t o add ress a n d a l l ev i a te t he i d e n t i f i e d b i o t i c a n d ab io t i c cons t ra in ts . Sugges t ions
w e r e m a d e t o c o n c e r n e d a d m i n i s t r a t i v e d e p a r t m e n t s a n d g o v e r n m e n t s t o address
t h e s o c i o e c o n o m i c cons t ra i n t s . T h e o n - f a r m e x p e r i m e n t s w e r e p l a n n e d k e e p i n g i n
m i n d t he resou rce base o f f a r m e r s , the l oca l a v a i l a b i l i t y o f r e q u i r e d i n p u t s , a n d
t h e e x i s t i n g / a v a i l a b l e p r o d u c t i o n t e c h n o l o g y i n the c o u n t r y . B a c k u p a n d
s u p p o r t i v e o n - s t a t i o n research w a s a lso p l a n n e d t o f i n d a p p r o p r i a t e s o l u t i o n s t o
s o m e o f t h e p r o b l e m s be fo re e m b a r k i n g o n o n - f a r m e x p e r i m e n t s .
T h e o n - f a r m e x p e r i m e n t s v a r i e d across the p ro jec t coun t r i es . For e x a m p l e , i n
I n d o n e s i a (Sa leh e t a l . 1993), the sc ient is ts h a d sets o f i m p r o v e d t e c h n o l o g y t ha t
c o u l d b e tes ted d i r e c t l y o n f a r m e r s ' f i e l ds (Table 3) . O n the o the r h a n d , i n N e p a l
( S h a r m a a n d K o i r a l a 1993), t he t e a m d e c i d e d t o e v a l u a t e s i ng le fac tors ( p l u s a n d
m i n u s ) i n d i a g n o s t i c e x p e r i m e n t s t o e v a l u a t e a n d d e m o n s t r a t e the ef fect o f
i n d i v i d u a l t e c h n o l o g y o p t i o n s (Table 4) . I n d i v i d u a l c o m p o n e n t s t h a t w e r e
b e n e f i c i a l ( i n i n c r e a s i n g p o d y i e l d ) w e r e c o m b i n e d a n d tested as a set o f
t e c h n o l o g y o p t i o n s i n la te r years .
I n I n d o n e s i a , b o t h l o w - i n p u t a n d h i g h - i n p u t packages o f i m p r o v e d
techno log i es w e r e c o m p a r e d w i t h f a r m e r s ' p rac t i ces d u r i n g 1991 a n d 9 2 (Saleh e t
a l . 1993). A l t h o u g h the h i g h - i n p u t t e c h n o l o g y g a v e h i g h e r y i e l d s t h a n l o w - i n p u t
a n d f a r m e r s ' p rac t i ces , t he f a r m e r s p r e f e r r e d the l o w - i n p u t t e c h n o l o g y a s i t w a s
m o r e e c o n o m i c a l . T h e r e f o r e , t he l o w - i n p u t t e c h n o l o g y (as i m p r o v e d prac t i ces)
w a s tes ted o n a l a r g e scale (21 h a i n v o l v i n g 7 2 f a r m e r s ) d u r i n g 1993 i n S u b a n g
d i s t r i c t , w e s t Java, T h e i m p r o v e d p rac t i ces g a v e 1.72 t p o d s ha - 1 c o m p a r e d w i t h
1.30 t ha - 1 o f f a r m e r s ' p rac t i ce . In a s i m i l a r l a rge scale (25 ha i n v o l v i n g 89 f a r m e r s )
a d o p t i o n s t u d y i n T u b a n d i s t r i c t , east Java, the i m p r o v e d p rac t i ces g a v e 1.81 t 
p o d s ha - 1 c o m p a r e d w i t h 1.05 t h a - 1 i n f a r m e r s ' p rac t i ces . These i m p r o v e d
techno log ies are n o w b e i n g e x t e n d e d t o o t h e r areas i n T u b a n a n d S u b a n g d i s t r i c t s .
I n N e p a l , a n d S r i L a n k a , g r o u n d n u t i s c o n s i d e r e d a l o w - i n p u t c r o p b y the
f a r m e r s ( S h a r m a a n d K o i r a l a 1993, J a y a w a r d e n a e t a l . 1993). T h e r e f o r e , c a r e f u l
c o n s i d e r a t i o n w a s g i v e n t o l o w - c o s t i n p u t s s u c h a s i m p r o v e d c u l t i v a r s , f u n g i c i d a l
seed d r e s s i n g , r h i z o b i a l i n o c u l a t i o n , a n d l a n d p r e p a r a t i o n ( t i l l age) . A l t h o u g h the
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Tab le 3 . I m p r o v e d g r o u n d n u t p r o d u c t i o n technology for eva lua t ion on
f a r m e r s ' f ie lds i n Indones ia .
I n p u t
1 . U l l a g e
2 . B r o a d b e d s 1
3 . S o w i n g w i t h p l o w
- i r r e g u l a r s p a c i n g
- r e g u l a r s p a c i n g
4 . Fe r t i l i ze r s
a. ( k g ha - 1 )
- U r e a
- TSP
- K C 1
- M a n u r e
b . M i c r o n u t r i e n t s s p r a y
5 . W e e d i n g
6. Pest c o n t r o l
7 . D isease c o n t r o l
8 . P l a n t p o p u l a t i o n (ha - 1 )
9 . Seed t r e a t m e n t
10. V a r i e t y
















K e l i n c i / L o c a l
I m p r o v e d T e c h n o l o g y
















K e l i n c i / L o c a l











N e e d based ,
s u p e r v i s e d
N e e d based ,
s u p e r v i s e d
250,000
+
K e l i n c i / L o c a l
1. = Broadbeds 1.5 - 2.0 m wide accommodating 4 or 6 rows each.
(Source: Saleh et al. 1993).
i n i t i a l set o f i m p r o v e d p rac t i ces i n N e p a l h a d a w h o l e r a n g e o f i n p u t s , i t w a s la te r
r e a l i z e d t h a t t w o sets o f t e c h n o l o g y - a l o w - i n p u t a n d a h i g h - i n p u t - w e r e n e e d e d
f o r d i f f e r e n t g r o u p s o f f a r m e r s . I n Sr i L a n k a , a l t h o u g h the m a j o r g r o u n d n u t area i s
c u l t i v a t e d as a r a i n f e d , l o w - i n p u t c r o p , there w a s n e e d f o r d e v e l o p i n g a h i g h -
i n p u t t e c h n o l o g y o p t i o n f o r the c o n f e c t i o n e r y g r o u n d n u t va r ie t i es i n i r r i g a t e d
areas.
I n s o u t h e r n V i e t n a m t h e d i a g n o s t i c s u r v e y t e a m f o u n d t h a t t he f a r m e r s w e r e
a l r e a d y g e t t i n g h i g h y i e l d s ( a r o u n d 3 t ha - 1 f o r a 90 -day c rop ) . U n d e r s u c h
c i r c u m s t a n c e s / t h e r e w a s l i m i t e d scope t o increase y i e l d leve ls . The re fo re , t h e
e m p h a s i s w a s o n r e a l l o c a t i o n o f resources a n d r e d u c i n g t he cost o f c u l t i v a t i o n
( D a n e t a l . 1993). F o r e x a m p l e , f a r m e r s u s u a l l y s o w 2 seeds h i l l - 1 . D i a g n o s t i c t r i a l s
i n d i c a t e d t h a t t he re w e r e n o y i e l d d i f fe rences b e t w e e n 1 o r 2 seeds h i l l - 1 . O n t h e
c o n t r a r y , o n e seed h i l l - 1 a t 15 x 15 cm s p a c i n g gave 1 1 % m o r e y i e l d t h a n 2 seeds
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T a b l e 4. L is t of s ing le factor diagnost ic t reatments for g r o u n d n u t o n - f a r m
research i n N e p a l .
P u r p o s e / F a c t o r s
Ef fec t o n p o d y i e l d o f :
• Seed d r e s s i n g f u n g i c i d e s
• Seed d r e s s i n g i n s e c t i c i d e
• R h i z o b i a l i n o c u l a t i o n
• F o l i a r d iseases c o n t r o l
• I nsec t pes ts c o n t r o l
• M i c r o n u t r i e n t s p r a y
• Seed r a t e ( p l a n t p o p u l a t i o n )
• G y p s u m
T r e a t m e n t 1
T h i r a m + V i t a v a x ® ( ca rbox in ) (50:50) 3 g k g 4
( jus t b e f o r e s o w i n g )
C h l o r o p y r i p h o s (12.5 m l k g - 1 seed)
R h i z o b i a l i n o c u l a t i o n ( N C 92)
D a c o n i l ® ( c h l o r o t h a l o n i l ) 50-60 d a y s a f te r
s o w i n g o r w h e n a r o u n d 1 0 spo ts p l a n t 1 a p p e a r
F o l i t h a n / S u m i t h i o n ® 0.5% a t 4 0 d a y s o r w h e n
insects a p p e a r
S w a r n a f a l ® ( m i c r o n u t r i e n t m i x t u r e ) spray , 3 0
d a y s a f te r s o w i n g
60 kg h a - 1 ; 40 x 20 cm s p a c i n g
400 k g h a - 1 a t p e a k o f f l o w e r i n g w i t h second
w e e d i n g . P laced near t he base o f p l a n t o n b o t h
s ides o f a r o w
1. These treatments were compared wi th appropriate controls.
(Source: Sharma and Koirala 1993)
h i l l - 1 a t 20 x 20 c m . T h u s , f a r m e r s c o u l d r e d u c e t h e seed cost ( w h i c h i s
c o m p a r a t i v e l y h i g h i n g r o u n d n u t ) b y a b o u t 5 0 % , a n d increase p r o f i t s b y a d o p t i n g
1 5 x 1 5 c m s p a c i n g . R h i z o b i a l i n o c u l a t i o n i n pos t - r i ce g r o u n d n u t c r o p p i n g
s y s t e m s g a v e 1 2 t o 112% inc rease i n p o d y i e l d . S p l i t a p p l i c a t i o n o f l i m e (a t s o w i n g
a n d a t f l o w e r i n g ) w a s a lso f o u n d t o inc rease p o d y i e l d s b y u p t o 10% c o m p a r e d
w i t h a s i n g l e a p p l i c a t i o n a t s o w i n g . These l o w - c o s t i n p u t changes , a n d resou rce
r e a l l o c a t i o n s h a v e b e e n tes ted across m a n y f a r m e r s ' f i e l d s a n d t h e f a r m e r s a re
a d o p t i n g t h e m .
Conclusions
I n t h e case s t u d i e s d e s c r i b e d a b o v e , t h e t e c h n o l o g y d e v e l o p m e n t a n d a d o p t i o n
w e r e e f f ec t i ve because o f :
• P e r c e i v e d n e e d o f t h e fa rmer fo r t he techno logy to i nc rease p roduc t i on ;
• P o l i t i c a l w i l l a n d s u p p o r t b y research a n d e x t e n s i o n s ta f f i n t h e c o u n t r y ;
• I n v o l v e m e n t of farmers in constraint ident i f icat ion;
• A v a i l a b i l i t y o f t e c h n o l o g y l o c a l l y o r r e g i o n a l l y f o r a d a p t i v e t e s t i n g t o a l l e v i a t e
i d e n t i f i e d
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• C o o p e r a t i o n a n d i n t e r a c t i o n a m o n g sc ien t is ts , e x t e n s i o n staf f , a n d f a r m e r s ; a n d
• I n d i v i d u a l c o m p o n e n t s a n d t e c h n o l o g y b e i n g a m e n a b l e f o r a d a p t a t i o n a n d
a d o p t i o n b y f o r m e r s .
References
C h a m b e r s , R., Pacey, A . , a n d T h r u p p , L . A . 1989. Fa rmers f i r s t : f a r m e r
i n n o v a t i o n s a n d a g r i c u l t u r a l research . L o n d o n , U K : I n t e r m e d i a t e T e c h n o l o g y
P u b l i c a t i o n s L t d . , 218 p p .
D a n , N . T . , B i e n , P . V . , H o n g , N . X . , L a i , T . V. , a n d L i e u , P . 1993. Case s tud ies i n
o n - f a r m research - V i e t n a m . Pages 74-82 i n p r o c e e d i n g s o f t h e R e g i o n a l W o r k s h o p
o n O n - f a r m A d a p t i v e Research , 18-20 Feb 1993, H o C h i M i r t h C i t y , V i e t n a m
( G o w d a , C . L . L . , v a n S a n t e n , C.E. , Johansen , C . , a n d N i g a m , S . N . eds. ) .
P a t a n c h e r u , A . P . 502 324 , I n d i a : I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e
S e m i - A r i d T r o p i c s .
G o w d a , C . L . L., N i g a m , S . N . , Far is , D . G . , a n d M c D o n a l d , D . 1993. O n - f a r m
research : p l a n n i n g a n d i m p l e m e n t a t i o n . Pages 15-20 i n p r o c e e d i n g s o f t h e
R e g i o n a l W o r k s h o p o n O n - f a r m A d a p t i v e Research, 18-20 Feb 1993, H o C h i M i n h
C i t y , V i e t n a m ( G o w d a , C . L . L . , v a n S a n t e n , C .E. , Johansen , G , a n d N i g a m , S . N .
eds . ) . P a t a n c h e r u , A .P . 502 324 , I n d i a : I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r
t h e S e m i - A r i d T rop i cs .
I C R I S A T , 1993. O n - f a r m research o n g r o u n d n u t , p i g e o n p e a , c h i c k p e a , a n d
t r a n s f e r o f t e c h n o l o g y t o s e m i - a r i d t r o p i c s f a r m e r s i n I n d i a . P a t a n c h e r u , A .P . 502
324 , I n d i a : I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e S e m i - A r i d T rop i cs .
( L i m i t e d d i s t r i b u t i o n ) .
J a y a w a r d e n a , S . N . , P a r t h i p a n , S. , Joseph, K . D . S . M . , a n d Jayamanne , P . B . 1993.
Case s t u d i e s in o n - f a r m research - S r i L a n k a . Pages 67-73 i n p r o c e e d i n g s o f t h e
R e g i o n a l W o r k s h o p o n O n - f a r m A d a p t i v e Research, 18-20 Feb 1993, H o C h i M i n h
C i t y , V i e t n a m ( G o w d a , C .L .L . , v a n San ten , C .E. , Johansen , C . , a n d N i g a m , S . N .
eds . ) . P a t a n c h e r u , A .P . 502 324 , I n d i a : I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r
t h e S e m i - A r i d T rop i cs .
S a l e h , N . , A d i s a r w a n t o , T . , A r s y a d , D . M . , a n d S u m a r n o . 1993. Case s t u d i e s i n
o n - f a r m research - I n d o n e s i a . Pages 43-52 in p r o c e e d i n g s o f t h e R e g i o n a l
W o r k s h o p o n O n - f a r m A d a p t i v e Research , 18-20 Feb 1993, H o C h i M i n h C i t y ,
V i e t n a m ( G o w d a , C . L . L . , v a n San ten , C.E. , Johansen , C . , a n d N i g a m , S . N . eds. ) .
P a t a n c h e r u , A . P . 502 324 , I n d i a : I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e
S e m i - A r i d T r o p i c s .
S h a r m a , B . P . a n d K o i r a l a , G. P . 1993. Case s t u d i e s in o n - f a r m research - N e p a l .
Pages 43-52 i n p r o c e e d i n g s o f t h e R e g i o n a l W o r k s h o p o n O n - f a r m A d a p t i v e
Resea rch , 18-20 Feb 1993, H o C h i M i n h C i t y , V i e t n a m ( G o w d a , C .L .L . , v a n S a n t e n ,
C .E . , J o h a n s e n , C . , a n d N i g a m , S . N . eds. ) . P a t a n c h e r u , A .P . 502 324 , I n d i a :
I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e S e m i - A r i d T rop i cs .
193
A Preliminary Discussion on Further Development
of Groundnut Production in Shandong Province
Chen Dongwen, Wang Enxun, and Cheng Junlan1
Abstract
S h a n d o n g i s o n e o f t h e m a i n g r o u n d n u t - g r o w i n g p r o v i n c e s i n C h i n a , a n d
g r o u n d n u t i s i t s m a j o r o i l c r o p . I n t he pas t 4 5 years s ince the es tab l i shmen t o f t he
Peop le ' s R e p u b l i c o f C h i n a , S h a n d o n g g r o u n d n u t p r o d u c t i o n has u n d e r g o n e
th ree stages: d e v e l o p m e n t , a d e c l i n e a n d t h e n p l a t e a u i n p r o d u c t i o n , a n d
r e d e v e l o p m e n t . T h e m a i n s t i m u l i t o r e d e v e l o p m e n t h a v e been the es tab l i shmen t
o f f a v o r a b l e po l i c i es t o m o b i l i z e t he e n t h u s i a s m o f f a r m e r s t o i m p r o v e
p r o d u c t i o n ; e x p e r i m e n t i n g w i t h a n d e x t e n d i n g the p o l y t h e n e m u l c h i n g
t e c h n i q u e ; o r g a n i z i n g p r o g r a m s t o p r o m o t e h i g h y i e l d b y r a i s i n g the
t e c h n o l o g i c a l l e v e l o f g r o u n d n u t p r o d u c t i o n ; d e v e l o p i n g d o u b l e - c r o p p i n g w i t h
w h e a t a n d g r o u n d n u t , t o e n l a r g e b o t h t he g r o w i n g area a n d o u t p u t o f f o o d a n d
o i l c r o p s ; a n d i m p r o v i n g c o n d i t i o n s b y t he e x t e n s i o n o f a d v a n c e d t e c h n o l o g y t o
the 6 0 % o f t he p r o d u c t i o n area t h a t i s o n s l o p i n g , i n f e r t i l e so i ls .
I n t roduc t ion
S h a n d o n g P r o v i n c e i s t he m a i n g r o u n d n u t - g r o w i n g area i n C h i n a . I t p r o d u c e s
3 5 % o f t h e t o t a l n a t i o n a l y i e l d o n 2 5 % o f t he area s o w n t o g r o u n d n u t i n C h i n a ,
a n d 7 0 % o f t h e c o u n t r y ' s e x p o r t s . D u r i n g the 4 5 yea rs s ince t he e s t a b l i s h m e n t o f
t he Peop le ' s R e p u b l i c o f C h i n a , S h a n d o n g g r o u n d n u t p r o d u c t i o n has u n d e r g o n e
t h r e e s tages: d e v e l o p m e n t (1950-57), d e c l i n e a n d p l a t e a u (1958-85), a n d
r e d e v e l o p m e n t (1979-94).
1. Agricultural Department of Shandong Province, Jinan 250013, China.
Chen Dongwen, Wang Enxun, and Cheng Junlan. 1996. A preliminary discussion on further development of
groundnut production in Shandong Province, (In En, Summary in Ch.) Pages 195-198 in Achieving high groundnut
yields: proceedings of an international workshop, 25-29 Aug 1995, Laixi City, Shandong, China (Renard, C., Gowda,
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S t a g e s o f P r o d u c t i o n
D e v e l o p m e n t s tage (1950-57): D u r i n g t h i s p e r i o d , t h e a n n u a l s o w n area w a s
653 800 h a a n n u a l l y , u n i t y i e l d w a s 1448 k g ha" 1 , a n d t he t o t a l p r o d u c t i o n w a s 887
m i l l i o n k g , w h i c h i s r e s p e c t i v e l y 36 .9%, 18.4% a n d 62 .2% m o r e t h a n those i n 1949.
D e c l i n e a n d p l a t e a u s tage (1958-78): A s a r e s u l t o f a r e d u c t i o n i n a g r i c u l t u r e
a n d g r a i n sho r t ages a f te r 1959, t h e g r o u n d n u t - g r o w i n g area a n d o u t p u t d r o p p e d
d ras t i ca l l y . I n 1960, t h e area s o w n w a s o n l y 260 000 h a , w i t h a l o w u n i t y i e l d o f 810
k g h a - 1 , a n d a t o t a l o u t p u t o f 210 m i l l i o n k g . H o w e v e r , w i t h a 3-year a d j u s t m e n t i n
1963-65, g r o u n d n u t p r o d u c t i o n w a s res to red t o s o m e deg ree , b u t i t w a s s t i l l o n l y a 
v e r y g r a d u a l i m p r o v e m e n t . D u r i n g 1958-78, t he a n n u a l ave rage g r o w i n g area w a s
472 000 h a , w i t h a u n i t p r o d u c t i o n o f 1418 k g h a - 1 , a n d a t o t a l o u t p u t o f 670 m i l l i o n
k g . T h e r e f o r e , t h e e d i b l e o i l s u p p l y c o n t i n u e d t o b e l i m i t e d .
R e d e v e l o p m e n t s tage (1979-94): S ince 1979, g r o u n d n u t p r o d u c t i o n i n S h a n d o n g
P r o v i n c e has d e v e l o p e d v e r y r a p i d l y . I n 1980, t he ave rage y i e l d r eached 2250 k g
h a - 1 , a n d t h e t o t a l o u t p u t 1400 m i l l i o n k g . M o r e o v e r , t h e s o w n area i nc reased m o r e
q u i c k l y , t o 669 000 h a i n 1981 , a n d t o 919 000 h a i n 1985. Gene ra l l y , f r o m 1979-94,
t h e m e a n a n n u a l a rea w a s 667 000 h a , a n inc rease o f 38 .4%, w h i l e t h e m e a n y i e l d
w a s 2835 k g h a - 1 , a r i s e o f 47 .7%. T h e t o t a l p r o d u c t i o n w a s 100% grea te r t h a n i n
1978. These i m p r o v e m e n t s d u r i n g t h e p a s t 1 6 yea rs r e s u l t e d f r o m spec i f i c po l i c i es
a n d f r o m i m p r o v e m e n t s i n t e c h n o l o g y
Policies a n d Practices G i v i n g Greater Product ion
Estab l i shment of Favorab le Policies
T h e S h a n d o n g p r o v i n c i a l g o v e r n m e n t has a l w a y s p a i d cons i d e rab le a t t e n t i o n t o
g r o u n d n u t p r o d u c t i o n , i n t r o d u c i n g f a v o r a b l e po l i c i es as e a r l y as 1978. Seed cake
(48 k g ) w a s r e t u r n e d t o f a r m e r s w h e n t h e y s o l d 100 k g g r o u n d n u t seed t o t he
g o v e r n m e n t . N f e r t i l i z e r (40 k g ) w a s g i v e n t o f a r m e r s f o r e v e r y sa le o f 100 k g
g r o u n d n u t seed . F o r e i g n t r a d e o r g a n i z a t i o n s r e w a r d e d g r o w e r s w i t h U S $ 4 f o r
be t t e r v a r i e t y , a n d U S $ 0.7 f o r seed g r a d e , f o r each sale o f 100 k g g r o u n d n u t seed .
F a r m e r s w e r e a lso a l l o w e d t o se l l t he p r o d u c e i n t h e o p e n m a r k e t .
Organization of Research to Increase Groundnut Production
T h e a i m w a s t o r e a c h y i e l d s o f 7500 k g h a - 1 i n S h a n d o n g P r o v i n c e . I n o r d e r t o
rea l i ze t h i s , m a n y p r o g r a m s w e r e o r g a n i z e d t o e x t e n d h i g h y i e l d t e c h n i q u e s t o
i m p r o v e t h e t e c h n o l o g y o f g r o u n d n u t p r o d u c t i o n . I n 1978, t h e p r o v i n c i a l
g o v e r n m e n t i s s u e d a n o r d e r t h a t sc ien t i s ts s h o u l d s t r i v e t o a t t a i n t h e g o a l o f
p r o d u c i n g 7500 k g h a - 1 w i t h i n a f e w years . A c c o r d i n g l y , t h e A g r i c u l t u r a l
D e p a r t m e n t a n d A g r i c u l t u r a l A c a d e m y b e g a n t o c a r r y o u t p ro jec ts . W i t h i n t w o
y e a r s , 5 1 f i e l d s , c o v e r i n g 7.9 h a , h a d a c h i e v e d t he g o a l , a n d b y 1983, 293.1 h a
p r o d u c e d y i e l d s o f 7500 k g h a - 1 , a n d a w o r l d r e c o r d y i e l d o f 1 1 200 k g h a - 1 w a s
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a c h i e v e d o n 0.1 h a . T h e S h a n d o n g P e a n u t Research I n s t i t u t e , L a i x i , s u m m a r i z e d
these e x p e r i m e n t a l resu l t s i n t o a ser ies o f i m p r o v e d m a n a g e m e n t p rac t i ces i n
1981-1983, a n d p r o d u c e d h i g h y i e l d s i n l a rge r f i e l d s . T h e m a i n techno log ies w e r e :
(1) t o use a h i g h - y i e l d i n g v a r i e t y ; (2) t o p l a n t g r o u n d n u t i n f e r t i l e f i e lds w i t h g o o d
i r r i g a t i o n a n d d r a i n a g e c o n d i t i o n s ; (3) t o a p p l y f e r t i l i ze rs m o r e ra t i ona l l y , u s i n g
less N a n d K , a n d a p p l y i n g a t d i f f e r e n t d e p t h s ; (4) t o use p o l y t h e n e m u l c h
c o v e r i n g ; a n d (5) t o p a y m o r e a t t e n t i o n t o f i e l d m a n a g e m e n t t o r egu la te
v e g e t a t i v e a n d r e p r o d u c t i v e g r o w t h . A l l these techno log ies h a v e g rea t l y
i m p r o v e d S h a n d o n g g r o u n d n u t p r o d u c t i o n . I n 1994 the u n i t y i e l d w a s 81.3%
m o r e t h a n i n 1978, a n d t o t a l o u t p u t w a s 2.2 t i m e s grea ter t h a n 1978.
U s e o f the Po ly thene M u l c h C o v e r i n g Technology
U t i l i t y o f p o l y t h e n e f i l m m u l c h c o v e r i n g w a s s t u d i e d f o r vegetab les a n d
g r o u n d n u t a s e a r l y a s 1979. Resu l t s o b t a i n e d i n 1980-1982 i n d i c a t e d t h a t p o l y t h e n e
m u l c h c o v e r i n g i nc reased s o i l t e m p e r a t u r e , c o n s e r v e d s o i l m o i s t u r e , a n d
i m p r o v e d p h y s i c a l a n d c h e m i c a l charac te rs o f t he s o i l , s t i m u l a t i n g e a r l y s e e d l i n g
v i g o r , m o r e f l o w e r s a n d f r u i t s , e a r l y m a t u r i t y , h i g h y i e l d , a n d g o o d q u a l i t y seeds.
D u r i n g t h e p a s t 16 yea rs f r o m 1979 t o 1994, t he t o t a l g r o u n d n u t - g r o w i n g area
c o v e r e d by p o l y t h e n e m u l c h has r i s e n t o 1 878 000 h a , w i t h a u n i t y i e l d increase o f
1371 k g h a - 1 c o m p a r e d w i t h n o n m u l c h e d f i e lds . T h e t e c h n o l o g y has b e e n
d e m o n s t r a t e d a n d e x t e n d e d w i t h g o o d c o o r d i n a t i o n a n d c o l l a b o r a t i o n a m o n g
d i f f e r e n t agenc ies , a n d p r o v i s i o n o f m a c h i n e s a n d p o l y t h e n e f i l m t o f a r m e r s .
D e v e l o p m e n t o f D o u b l e - c r o p p i n g o f W h e a t a n d G r o u n d n u t
I t i s v e r y d i f f i c u l t t o g r o w t w o o r m o r e c r o p s each yea r d u e t o l i m i t a t i o n i m p o s e d
b y t h e f ros t - f ree p e r i o d (180-220 d a y s ) . H o w e v e r , a rab le l a n d i s dec reas ing a n d t he
p o p u l a t i o n i s i n c r e a s i n g cons tan t l y , m a k i n g a d o u b l e - c r o p p i n g s y s t e m (e.g.
w h e a t + g r o u n d n u t ) a necessi ty. B y i m p r o v e d g r o w i n g c o n d i t i o n s a n d
m a n a g e m e n t p rac t i ces a n d e x t e n d i n g d o u b l e - c r o p p i n g , i m p r o v e d harves ts o f
b o t h c r o p s w e r e a c h i e v e d . I n t h e s t u d y areas (152 000 h a i n 7 c o u n t i e s i n 3 years)
y i e l d s o f w h e a t w e r e 3645 k g ha- 1 , a n inc rease o f 564 k g h a - 1 , a n d g r o u n d n u t
p r o d u c e d 2627 kg h a - 1 , a 366 kg ha - 1 increase. These p rac t i ces w e r e e x t e n d e d to
f a r m e r s , w i t h r e s u l t a n t s t i m u l a t i o n o f d o u b l e - c r o p p i n g i n S h a n d o n g P r o v i n c e . I n
1994, t h e area o f d o u b l e - c r o p p i n g reached 308 662 h a , a m o u n t i n g t o 35 .7% o f the
t o t a l a rea . I n o r d e r t o ra ise t h e o u t p u t f u r t h e r , m a n y n e w techno log ies w e r e
a p p l i e d i n d o u b l e - c r o p p i n g , f o r e x a m p l e , p o l y t h e n e m u l c h c o v e r i n g a n d changes
t o t h e f a r m i n g s y s t e m . E x p e r i m e n t s h a v e b e g u n o n t r i p l e - c r o p p i n g sys tems i n
g r o u n d n u t f i e l d s , w i t h success fu l resu l t s i n 1994. T h e y w e r e e x t e n d e d o n 667 h a i n
N i n g y a n g c o u n t y , a n d t h e a v e r a g e u n i t y i e l d s o f w h e a t , g r o u n d n u t a n d m a i z e
i nc reased b y 2 0 % .
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Extens ion o f A d v a n c e d Technology to I m p r o v e
L o w - a n d M i d d l e - y i e l d i n g G r o u n d n u t F ie lds
G e n e r a l l y , 6 0 % o f g r o u n d n u t f i e l d s are i n f e r t i l e a n d o c c u r i n h i l l y areas. I n s u c h
f i e l d s w i t h s h a l l o w s o i l , p o o r f e r t i l i t y , a n d d r o u g h t c o n d i t i o n s , t h e u n i t y i e l d i s
o n l y a b o u t 1500 k g ha" 1 . T h e r e f o r e , i t i s necessary t o i m p r o v e s u c h l o w - o r m i d d l e -
y i e l d i n g f i e l d s . I n 1990, 1.5 m i l l i o n y u a n ( U S $ 0 . 1 8 m i l l i o n ) f r o m P r o v i n c i a l
P r e s i d e n t ' s F u n d s w a s u s e d t o i m p l e m e n t a p ro jec t o v e r 3 years w h i c h p r o d u c e d
g o o d resu l t s i n 1 3 c o u n t i e s . T h e i m p r o v e d area w a s 713 000 h a a n d t he a v e r a g e
u n i t y i e l d w a s 3173 k g h a - 1 , a n increase o f 25 .7%.
Transfer o f In tegra ted H i g h - y i e l d Techniques
t o Increase G r o u n d n u t Y i e l d b y the Harvest P l a n
I n o r d e r t o t r ans fe r sc ien t i f i c a c h i e v e m e n t s i n t o h i g h e r p r o d u c t i o n , p a r t o f t he
H a r v e s t P l a n ' w a s u s e d a s the k e y fac to r a n d i m p l e m e n t e d w i d e l y i n . the
p r o v i n c e t o e x t e n d t h e a d v a n c e d t echno log ies t o f a r m e r s . S ince 1987, the re h a v e
b e e n 3 6 c o u n t i e s c o v e r e d b y t he H a r v e s t P l a n . A c c o r d i n g t o t h e s ta t i s t i cs , 3.51
m i l l i o n t e chn i c i an s w e r e t r a i n e d , a n d 7 m i l l i o n cop ies o f t echn i ca l b u l l e t i n s w e r e
re leased f o r f i e ld g u i d a n c e , as a p r a c t i c a l m e a n s o f ex tens i on o f t echno log ies .
D u r i n g 1988-1994, t h e n a t i o n a l a n d p r o v i n c i a l H a r v e s t P l a n c o v e r e d 619 000 h a ,
a n d w a s r e s p o n s i b l e f o r a l a rge inc rease i n the y i e l d .
Future D e v e l o p m e n t s
I n t h e f u t u r e p l a n n i n g o f g r o u n d n u t p r o d u c t i o n i n S h a n d o n g P r o v i n c e , i t i s
g e n e r a l l y b e l i e v e d t h a t t he t r i p l e - c r o p p i n g s y s t e m w i l l b e g r e a t l y e x t e n d e d t o
o b t a i n h i g h e r u n i t y i e l d s a n d bene f i t s . O t h e r p ro jec ts i n c l u d e m a n a g e m e n t o f f a r m
l a n d t o p r e v e n t d a m a g e b y n a t u r a l d isas ters , e x t e n s i o n o f a ser ies o f h i g h - y i e l d
t e c h n o l o g i e s a n d b r e e d i n g a n d se lec t i on o f g o o d g r o u n d n u t va r i e t i es . B y the y e a r
2000 t h e t o t a l o u t p u t o f g r o u n d n u t i n S h a n d o n g P r o v i n c e i s p r e d i c t e d t o reach 3.2
m i l l i o n t 
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Breeding a High-yielding and Rust-resistant Groundnut
Cul t ivar Zhonghua No. 4, and its Application
Tang Guiy ing, Wang Yuying, Liao Boshou, Li Dong,
Xia X inming, Duan Naixiong1 , and Wang Zhizhao2
Abstract
Z h o n g h u a N o . 4 w a s b r e d f r o m a cross i n v o l v i n g f o u r pa ren ts , t h r o u g h m o d i f i e d
p e d i g r e e se lec t i on . I t s i g n i f i c a n t l y o u t y i e l d e d loca l c o n t r o l g r o u n d n u t c u l t i v a r s i n
v a r i o u s y i e l d t r i a l s . I ts d u r a t i o n w a s 125 d a y s , a n d seed p r o t e i n con ten t w a s o v e r
3 0 % . I t w a s m o d e r a t e l y res is tan t to r u s t caused by Puccinia arachidis, a n d bac te r ia l
w i l t c a u s e d by Pseudomonas solanacearum, a n d t o l e r a n t o f a c i d so i l . T h i s c u l t i v a r
c o u l d b e g r o w n i n m o s t r eg i ons o f cen t ra l a n d s o u t h e r n C h i n a . Z h o n g h u a N o . 4 
has b e e n f o r m a l l y re leased b y G u a n g x i , H u b e i , a n d the N a t i o n a l C r o p Va r i e ta l
C o m m i t t e e . I t has b e e n g r o w n o n 200 000 h a i n recent years . T h e genet ic
b a c k g r o u n d o f Z h o n g h u a N o . 4 , a n d the n a t u r e o f i t s d isease res is tance are
d i s c u s s e d .
Introduction
G r o u n d n u t va r i e t i es g r o w n i n C h i n a c a n b e d i v i d e d i n t o t w o g r o u p s d e p e n d i n g
o n seed o r p o d s ize. T o the n o r t h o f t he H u i R iver , la rge-seeded va r ie t i es , m a i n l y
o f t h e V i r g i n i a t y p e , a re c u l t i v a t e d ex tens ive ly , w h i l e i n t he s o u t h t he Span ish t y p e
w i t h s m a l l seeds i s g r o w n a l m o s t e x c l u s i v e l y I n the vas t g r o u n d n u t - p r o d u c i n g
r e g i o n s t o t h e s o u t h o f t he H u i R i ve r , t he p r o d u c t i o n c o n d i t i o n s i n c l u d i n g s o i l
f e r t i l i t y , c l i m a t e , a n d f a r m i n g sys tems v a r y g rea t ly , a n d g r o u n d n u t i s a lso
r e l a t i v e l y sca t te red i n i t s d i s t r i b u t i o n . H o w e v e r , e a r l y - m a t u r i t y a n d to le rance o f
1. Oil Crops Research Institute, CAAS, Wuhan 430062, China.
2. Department of Agriculture, Guangxi Nanning 530000, China.
Tang Guiying, Wang Yuying, Liao Boshou, Li Dong, Xia Xinming, Duan Naixiong, and Wang Zhizhao. 1996.
Breeding a high-yielding and rust-resistant groundnut cultivar, Zhonghua No. 4, and its application. (In En. Summary
in Ch.) Pages 199-202 in Achieving high groundnut yields: proceedings of an international workshop, 25-29 Aug 1995,
Laixi City, Shandong, China (Renard, C., Gowda, C.L.L., Nigam, S.N., and Johansen, C. eds.). Patancheru 502 324,
Andhra Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics.
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acid soi l are general ly necessary for groundnut cul t ivars in the south to f i t in to the mu l t i -
c ropping systems and to grow wel l in the low calc ium soils. As rust, caused by Puccinia 
arachidis, and bacterial w i l t , caused by Pseudomonas solanacearum, are extensively dis-
t r ibuted in central and southern China, resistance to these two diseases is also a necessity
of groundnut cul t ivars. W i t h the increase in importance of groundnut in the national
economy and in sustainable agricultural practices, y ie ld potential and qual i ty traits in
groundnut varieties are also major breeding objectives for these regions. Several years of
breeding efforts have resulted in the development of Zhonghua N o . 4, an ear ly-matur ing,
h igh-y ie ld ing groundnut cul t ivar w i t h a h igh protein content and mul t ip le resistance. Th is
paper describes the breeding procedures, characters, and genetic background for disease
resistance o f Zhonghua N o . 4 .
O r i g i n a n d D e v e l o p m e n t
Z h o n g h u a N o . 4 w a s b r e d f r o m a m u l t i - w a y cross [ (E H u a 4 x Ta i shan S a n l i r o u ) F 2
x (E H u a 3 x X i e k a n g q i n g ) F 2 ] t h r o u g h a m o d i f i e d p e d i g r e e m e t h o d . T h e o r i g i n a l
l i n e , 84-2117, w a s se lec ted i n 1984 a n d w a s t h e n tes ted i n p r e l i m i n a r y y i e l d t r i a l s
i n 1985 a n d 1986. F r o m 1987 t o 1989 i t w a s f u r t h e r tes ted i n r e g i o n a l t r i a l s i n
c e n t r a l C h i n a , a n d e v a l u a t e d i n l a rge scale c u l t i v a t i o n i n d i f f e r e n t l oca t i ons i n
1990. I t w a s i n t r o d u c e d t o G u a n g x i a n d o t h e r p r o v i n c e s a n d g r o w n i n
d e m o n s t r a t i o n t r i a l s i n m a n y loca l i t i es d u r i n g 1990-92. Z h o n g h u a N o . 4 
p e r f o r m e d w e l l across t h e l o c a t i o n s a n d seasons. I t w a s re leased i n G u a n g x i
A u t o n o m o u s D i s t r i c t a n d H u b e i P r o v i n c e i n 1993 a n d re leased b y the N a t i o n a l
C r o p V a r i e t y C o m m i t t e e ( N C V C ) i n 1994.
Performance
Yield
T h e y i e l d o f Z h o n g h u a N o . 4 i n v a r i o u s t r i a l s i s p r e s e n t e d i n Table 1 . I t
s i g n i f i c a n t l y o u t y i e l d e d the l oca l c u l t i v a r s o r con t ro l s . I n B e i h a i , G u a n g x i
P r o v i n c e , Z h o n g h u a N o . 4 y i e l d e d u p t o 6.3 t h a - 1 w h i c h w a s the h i g h e s t r e c o r d i n
G u a n g x i . I n H o n g ' A n , H u b e i P r o v i n c e , Z h o n g h u a N o . 4 y i e l d e d 6.9 t ha - 1 u n d e r
p o l y t h e n e m u l c h c u l t i v a t i o n i n r i ce f a l l o w w h i c h w a s a r e c o r d h i g h y i e l d f o r
g r o u n d n u t i n t h i s p r o v i n c e .
Stability of y ie ld
T h e y i e l d d a t a o f e i g h t v a r i e t i e s f r o m the r e g i o n a l t r i a l s ( cen t ra l C h i n a ) c o n d u c t e d
i n 1988-89 w e r e u s e d t o e s t i m a t e t he p a r a m e t e r s o f y i e l d s t a b i l i t y o f each v a r i e t y
by a r e g r e s s i o n ana l ys i s . T h e reg ress ion coe f f i c ien t o f Z h o n g h u a N o . 4 w a s 0.9428
(less t h a n 1 ) w h i c h i n d i c a t e d t h a t Z h o n g h u a N o . 4 w a s m o r e s tab le t h a n o t h e r
c u l t i v a r s , w i t h w i d e a d a p t a b i l i t y
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T a b l e 1 . Y i e l d o f Z h o n g h u a N o . 4 in var ious tr ia ls d u r i n g 1985-1994 in C h i n a .
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I n v a r i o u s t r i a l s across l oca t i ons a n d seasons, t he r u s t score o f Z h o n g h u a N o . 4 
w a s less t h a n 5.0 in a 1-9 p o i n t scale ( I C R I S A T 1987) w i t h an average score o f 3.5.
I n 1987 a n d 1991, w h e n r u s t d isease w a s v e r y severe i n H u b e i P r o v i n c e , t he r u s t
score o f Z h o n g h u a N o . 4 w a s 4.5 w h i l e t ha t o f t he suscep t ib le c o n t r o l w a s 9 . W i t h
a r t i f i c i a l i n o c u l a t i o n , Z h o n g h u a N o . 4 w a s m o d e r a t e l y res is tant t o rus t . A c r o s s
seasons, o n the n a t u r a l l y i n f e s t e d n u r s e r y i n H o n g ' A n , the bac te r ia l w i l t i n c i d e n c e
o f Z h o n g h u a N o . 4 w a s 50-70% w h i c h i n d i c a t e d i t w a s m o d e r a t e l y res is tan t t o
bac t e r i a l w i l t . W h e n a r t i f i c i a l l y i n o c u l a t e d , i t w a s a lso m o d e r a t e l y res is tant .
Z h o n g h u a N o . 4 w a s sub jec ted t o a l u m i n u m ( A l ) t o x i c i t y u n d e r l a b o r a t o r y
c o n d i t i o n s t o test i ts to le rance . I ts roo ts w e r e e v i d e n t l y n o t a f fec ted b y A l tox ic i t y .
Quali ty
I n t h e r e g i o n a l t r i a l s d u r i n g 1 9 8 7 / 8 8 , 2 4 samp les o f Z h o n g h u a N o . 4 w e r e
co l l ec ted f r o m 1 0 l o c a t i o n s f o r o i l a n d p r o t e i n ana lys is . T h e average c o n t e n t o f
seed p r o t e i n w a s 30 .34% a n d the ave rage o i l c o n t e n t w a s 50.8%.
Other characteristics
Z h o n g h u a N o . 4 i s a n e a r l y - m a t u r i n g Span ish t y p e cu l t i va r . I t m a t u r e s i n 125 d a y s
i n s p r i n g s o w i n g a n d 105 d a y s i n s u m m e r - s o w i n g . I t has a n erect g r o w t h h a b i t ,
s e q u e n t i a l f l o w e r i n g , m e d i u m , e l l i p t i c , d a r k g r e e n leaves, a n d has 2-seeded
m e d i u m - s i z e d p o d s w i t h s l i g h t r e t i c u l a t i o n a n d c o n s t r i c t i o n . I t s seeds are t a n -
c o l o r e d a n d 100-seed mass is 65 g a n d 100 -pod mass 155 g w i t h a s h e l l i n g
p e r c e n t a g e o f 7 2 % . T h e seed d o r m a n c y i s s h o r t t o m e d i u m .
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Genet ic B a c k g r o u n d for Disease Resistance
Z h o n g h u a N o . 4 w a s b r e d f r o m p a r e n t s t h a t w e r e n o t h i g h l y res is tan t t o r us t .
Seve ra l research p a p e r s h a v e r e p o r t e d t h a t t h e res is tance t o r u s t i n c u l t i v a t e d
g r o u n d n u t w a s c o n t r o l l e d b y recess ive genes a n d the re m i g h t b e i n t e r a c t i o n
a m o n g t h e recess ive genes ( L i a o 1991). A m o n g i t s pa ren ts , X i e k a n g q i n g a n d
T a i s h a n S a n l i r o u possess s o m e to le rance t o rus t . T h e increase i n t he l e v e l o f r u s t
res is tance i n Z h a n g h u a N o . 4 m i g h t b e a t t r i b u t e d t o i n t e r a c t i o n a m o n g t h e
recess ive genes. T h e r u s t res is tance o f Z h o n g h u a N o . 4 w a s m a i n l y d e t e r m i n e d b y
i t s p h y s i o l o g i c a l fea tu res . U n d e r h i g h d isease p ressure , t he i n f e c t i o n f r e q u e n c y
w a s h i g h espec ia l l y o n t h e l o w e r leaves , b u t i t s l a t e n t p e r i o d w a s l o n g e r a n d t h e
lea f area d a m a g e d w a s less t h a n t h a t o f t he suscep t i b le g e n o t y p e .
A m o n g the p a r e n t s o f Z h o n g h u a N o . 4 , X i e k a n g q i n g a n d Ta ishan S a n l i r o u are
h i g h l y res i s tan t t o bac te r i a l w i l t w i t h des i r ab le s t a b i l i t y ( M e h a n e t a l . 1994) b u t
Z h o n g h u a N o . 4 i s o n l y m o d e r a t e l y res is tan t . T h i s m i g h t b e because i t o r i g i n a t e d
f r o m a f o u r - w a y cross o f t w o F 2 s e g r e g a t i n g p r o g e n i e s , w h i c h c o u l d decrease the
g e n e d o s a g e . H o w e v e r , t h e m e d i u m res is tance o f Z h o n g h u a N o . 4 has p r o v e d t o
b e s tab le a n d c o u l d b e i n h e r i t e d .
A d o p t i o n o f Z h o n g h u a N o . 4 
Z h o n g h u a N o . 4 has des i r ab le t ra i t s o f e a r l y m a t u r i t y , h i g h y i e l d , h i g h p r o t e i n ,
a n d m u l t i p l e res is tances w i t h w i d e a d a p t a b i l i t y , a n d the re fo re c o u l d b e
e x t e n s i v e l y g r o w n i n v a r i o u s r e g i o n s . I n recen t yea rs , r o t a t i n g g r o u n d n u t w i t h
l o n g - d u r a t i o n r i c e has b e e n m o r e p o p u l a r . Z h o n g h u a N o . 4 i s su i t ab l e f o r t h i s
c r o p p i n g s y s t e m because o f i t s h i g h - y i e l d i n g t ra i t s a n d res is tance t o r u s t w h i c h
c a n b e a s e r i o u s p r o b l e m u n d e r r i c e - f a l l o w s w i t h h i g h m o i s t u r e . U p t o 1995,
Z h o n g h u a N o . 4 has b e e n g r o w n o v e r a c u m u l a t i v e area o f 200 000 ha i n cen t ra l
a n d s o u t h e r n C h i n a .
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Research and Development of Technologies for
Groundnut/Wheat Intercropping in Henan Province
Zhang Xinyou 1 , Tang Fengshou1, Wang Baohua2, and Wang Yujing3
Abstract
H e n a n i s o n e o f t he m a j o r g r o u n d n u t - g r o w i n g p r o v i n c e s i n C h i n a , c u r r e n t l y w i t h
an area o f a b o u t 670 000 ha a n d t o t a l a n n u a l p r o d u c t i o n o f 1.6 m i l l i o n t p o d s . Since
the e a r l y 1980s, w h e a t / g r o u n d n u t i n t e r c r o p p i n g sys tems h a v e b e c o m e
i n c r e a s i n g l y i m p o r t a n t i n g r o u n d n u t p r o d u c t i o n , a n d h a v e resu l t ed i n a d r a m a t i c
area e x p a n s i o n a n d s i g n i f i c a n t y i e l d increases i n g r o u n d n u t .
S t u d i e s o n b o t h va r i e t i es a n d c u l t u r a l t echn iques h a v e been c o n d u c t e d i n a n
e f f o r t t o f u r t h e r i m p r o v e g r o u n d n u t y i e l d . T h e y i e l d p o t e n t i a l o f t h e va r ie t i es
u s e d ranges f r o m 6.0 t to 8.0 t ha - 1 . A p p r o p r i a t e c u l t u r a l measures s u c h as s o w i n g
d a t e , p l a n t dens i t y , f e r t i l i z e r a p p l i c a t i o n , a n d f i e l d m a n a g e m e n t w e r e
r e c o m m e n d e d i n acco rdance w i t h l oca l a g r i c u l t u r a l p r o d u c t i o n leve ls a f te r a 
ser ies o f e x p e r i m e n t s . G r o u n d n u t p r o d u c t i o n w a s s i g n i f i c a n t l y e n h a n c e d , a n d
vas t e c o n o m i c bene f i t s o b t a i n e d t h r o u g h e f fec t i ve e x t e n s i o n o f these y i e l d -
i m p r o v i n g t echn iques .
T h e d i f f i c u l t i e s i n v o l v e d i n s o w i n g g r o u n d n u t s i n w h e a t f i e lds , a n d l o w leve ls
o f m e c h a n i z a t i o n w e r e i d e n t i f i e d a s c o m m o n p r o b l e m s o f g r o u n d n u t p r o d u c t i o n
i n w h e a t / g r o u n d n u t i n t e r c r o p p i n g sys tems .
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Introduction
H e n a n i s a n i m p o r t a n t a g r i c u l t u r a l p r o v i n c e a n d o n e o f t h e m a j o r g r o u n d n u t
(Arachis hypogaea L.) p r o d u c e r s i n C h i n a . T h e g r o u n d n u t p r o d u c t i o n i n H e n a n
da tes b a c k t o t h e 16 th C e n t u r y a n d i t s p r o d u c t s h a v e been e n j o y i n g g o o d
r e p u t a t i o n s i n b o t h d o m e s t i c a n d i n t e r n a t i o n a l m a r k e t s . T h e c u r r e n t area u n d e r
g r o u n d n u t c u l t i v a t i o n i s a r o u n d 670 000 ha a n d a b o u t 1 600 000 t p o d s are
p r o d u c e d a n n u a l l y G r o u n d n u t r a n k s f i r s t a m o n g a l l t he o i l seed c r o p s g r o w n i n
H e n a n i n t e r m s o f area a n d t o t a l o u t p u t , a n d p l a y s a v e r y i m p o r t a n t r o l e i n t h e
v e g e t a b l e o i l s u p p l y , f o o d p r o c e s s i n g i n d u s t r y , a n d e x p o r t t r a d e .
T h e Impor tance o f G r o u n d n u t s In tercropped w i t h W h e a t
G r o u n d n u t i n H e n a n w a s t r a d i t i o n a l l y c o n f i n e d t o t h e reg ions a l o n g t he Y e l l o w
R ive r , a n d t o m o u n t a i n o u s a n d h i l l y areas w h e r e t he a g r i c u l t u r a l c o n d i t i o n s w e r e
s o p o o r t h a t v e r y f e w o t h e r c rops c o u l d s u r v i v e . I t w a s u s u a l l y s o w n i n t he s p r i n g
season as a so le c r o p in a y e a r a n d has l o n g b e e n r e g a r d e d as a l o w - y i e l d i n g c r o p .
S ince t h e e a r l y 1980s, t he w h e a t - g r o u n d n u t i n t e r c r o p p i n g s y s t e m has b e c o m e
i n c r e a s i n g l y i m p o r t a n t w i t h t he d e v e l o p m e n t o f d o u b l e - o r m u l t i p l e - c r o p p i n g
s y s t e m s i n acco rdance w i t h the g r o w t h o f p o p u l a t i o n p ressure . W h e a t (Triticum 
aestivum L.), as t h e m o s t i m p o r t a n t s tap le c r o p i n H e n a n , i s a l w a y s a l l o t t e d to t he
f e r t i l e l a n d a n d i t s area r e m a i n s u n c h a l l e n g e d . S o i t i s n o t feas ib le t o d e v e l o p o t h e r
c r o p s a t t h e cost o f w h e a t p r o d u c t i o n . T h e k e y p o i n t o f t he w h e a t - g r o u n d n u t
i n t e r c r o p p i n g s y s t e m i s t o a d v a n c e g r o u n d n u t s o w i n g b y s o w i n g g r o u n d n u t
seeds i n b e t w e e n w h e a t r o w s be fo re w h e a t h a r v e s t t o p r o v i d e g r o u n d n u t w i t h a 
l o n g e r g r o w i n g season s o t h a t a be t te r y i e l d c a n b e a c h i e v e d . T h e w i d e a d o p t i o n
o f t h i s c r o p p i n g s y s t e m b y f a r m e r s l e d t o a r a p i d e x p a n s i o n o f t he g r o u n d n u t -
g r o w i n g area a n d s i g n i f i c a n t inc rease i n t o t a l p r o d u c t i o n (Table 1). T h e ave rage
area a n d p r o d u c t i o n in 1980-1984 w e r e 176 200 ha a n d 217 000 t respec t i ve ly ,
r e p r e s e n t i n g increases o f 130% i n area a n d 2 3 2 % i n p r o d u c t i o n o v e r those o f t he
1970s. I n t h e f i r s t f i v e yea rs o f the 1990s (1990-1994), t he area e x p a n s i o n a n d
p r o d u c t i o n inc rease w e r e e v e n m o r e s i gn i f i can t . B y 1994, the area a n d p r o d u c t i o n
w e r e 757 300 ha a n d 1 798 200 t respec t i ve l y , w h i c h d o u b l e d t he area a n d n e a r l y
t r i p l e d t h e p r o d u c t i o n o f 1985. A t p resen t , t he area u n d e r t he w h e a t - g r o u n d n u t
i n t e r c r o p p i n g s y s t e m accoun ts f o r a b o u t 6 5 % o f the p r o v i n c e ' s t o t a l g r o u n d n u t -
g r o w i n g area a n d 7 8 % o f i t s s u m m e r g r o u n d n u t area. A n o t h e r p r o m i n e n t c h a n g e
b r o u g h t a b o u t b y the w h e a t / g r o u n d n u t i n t e r c r o p p i n g s y s t e m i s t he g r a d u a l
inc rease o f t h e g r o u n d n u t y i e l d i n sp i te o f m i n o r f l u c t u a t i o n s . T h e ave rage y i e l d
i n 1990-1994 w a s 2290 k g h a - 1 , r e p r e s e n t i n g 5 6 % increase o v e r t ha t o f t he 1980s
a n d 168% inc rease o v e r t h a t o f t he 1970s, r e s p e c t i v e l y
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T a b l e 1 . A r e a , p r o d u c t i o n , a n d y i e l d o f she l led g roundnuts i n H e n a n Prov ince ,
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Source: Henan Yearbooks 1970-1994.
1. Mean.
W i t h t he e f fec t i ve i m p l e m e n t a t i o n o f the y i e l d i m p r o v e m e n t techn iques
r e c o m m e n d e d by researchers, f a r m e r s are ab le t o ach ieve a w h e a t y i e l d o f
6000 kg ha - 1 a n d a g r o u n d n u t y i e l d o f 5250 kg ha - 1 on a l a rge area. T h e
i n t e r c r o p p i n g s y s t e m has b e e n w i d e l y accep ted a n d app rec i a ted b y f a r m e r s d u e
t o i t s e c o n o m i c i m p o r t a n c e .
Var ie ta l I m p r o v e m e n t
A m o n g a l l t he y i e l d - i m p r o v i n g measures , v a r i e t a l i m p r o v e m e n t s h a v e a l w a y s
b e e n g i v e n t h e t o p p r i o r i t y . O u r e f fo r t s are m a i n l y d i r ec ted t o w a r d s b r e e d i n g
h i g h - y i e l d i n g , e a r l y - t o m e d i u m - m a t u r i n g , d isease res is tant , a n d m a r k e t - o r i e n t e d
g r o u n d n u t v a r i e t i e s . I n t h e pas t decade , seven va r ie t i es w e r e d e v e l o p e d a n d
re leased a t seve ra l i n s t i t u t i o n s o f t he p r o v i n c e b y the C r o p s Va r i e t y A p p r a i s a l
C o m m i t t e e o f H e n a n P r o v i n c e ( M a K u i w u 1982, W a n g Y i j u n e t a l . 1993, G e
X i u r o n g 1994). Test resu l t s i n d i c a t e t ha t a l l the va r ie t i es are su i t ab le f o r
i n t e r c r o p p i n g w i t h w h e a t , a d a p t a b l e t o d i f f e r e n t ag roeco log ica l c o n d i t i o n s , a n d
se rve v a r i o u s c o m m e r c i a l p u r p o s e s . T h e y i e l d p o t e n t i a l s o f these va r ie t i es r a n g e
f r o m 6.0 t ha - 1 to 8.0 t ha - 1 on h i g h so i l f e r t i l i t y l a n d s u n d e r ave rage i n p u t
c o n d i t i o n s . T h e m a j o r charac te r i s t i cs o f t he re leased va r ie t i es are s h o w n i n
Tab le 2 .
I n a d d i t i o n , s o m e g r o u n d n u t va r i e t i es i n t r o d u c e d f r o m o the r p r o v i n c e s are a lso
r e c o m m e n d e d to f a r m e r s a f te r a ser ies o f a d a p t a b i l i t y tests. T h e i n t r o d u c e d
v a r i e t i e s o n c e g r o w n e x t e n s i v e l y a n d / o r s t i l l c o v e r i n g la rge areas c u r r e n t l y
i n c l u d e H a i h u a 1 , X u z h o u 68-4, H u a 28, L u h u a 9 , Ba isha 1016, a n d T i a n f u 3 .
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T a b l e 2 . G r o u n d n u t var ie t ies d e v e l o p e d a n d released i n H e n a n i n 1985 -95 .
V a r i e t y
Y u h u a 1 
Y u h u a 2 
Y u h u a 3
Y u h u a 4 
Y u h u a 5 
Y u h u a 6 










I n s t i t u t i o n
o f re lease 1
H A A S
P M I A S
K M I A S
H A A S
K M I A S
H A A S
H A A S
A t t r i b u t e s
H i g h - y i e l d i n g , l a rge-seeded p o d s
des i rab le f o r e x p o r t , m e d i u m - m a t u r i n g
(120-130 d a y s )
La rge -seeded , m e d i u m - m a t u r i n g
(125-140 d a y s ) , t o l e r a n t t o d r o u g h t a n d
i r o n ch lo ros i s , w i d e a d a p t a b i l i t y
H i g h - y i e l d i n g , l a rge-seeded p o d s
des i rab le f o r e x p o r t , e a r l y - m a t u r i n g
(110-125 d a y s ) , h i g h o l e i c / l i n o l e i c r a t i o
(1.33), t o l e r a n t t o i r o n ch lo ros i s
M e d i u m - s i z e d p o d s des i rab le f o r she l l ed
g r o u n d n u t p rocess i ng , e a r l y - m a t u r i n g
(100-120 d a y s ) , h i g h s h e l l i n g pe rcen tage
(74-76%)
La rge -seeded , m e d i u m - m a t u r i n g
(115-130 days )
M e d i u m - s i z e d p o d s , s u p e r - e a r l y -
m a t u r i n g (100 d a y s o r less), h i g h
s h e l l i n g pe rcen tage (80%) , d w a r f a n d
c o m p a c t p l a n t s
H i g h - y i e l d i n g , la rge-seeded p o d s
des i rab le f o r e x p o r t , m e d i u m - m a t u r i n g
(120-130 d a y s ) , t o l e r a n t t o i r o n ch lo ros i s ,
h i g h p r o t e i n c o n t e n t (28.6%)
1. HAAS = Henan Academy of Agricultural Sciences, KMIAS = Kaifeng Municipal Institute of Agricultural Sciences,
PMIAS = Puyang Municipal Institute of Agricultural Sciences.
C u l t u r a l Techniques
P l a n t p o p u l a t i o n s a n d p l a n t i n g formats o f the in tercropped g r o u n d n u t
P l a n t p o p u l a t i o n i m p o s e s g rea t i n f l u e n c e s o n o t h e r y i e l d c o m p o n e n t s .
M a i n t a i n i n g a n a p p r o p r i a t e p l a n t p o p u l a t i o n i s c r i t i c a l t o ach ieve the des i r ab le
y i e l d . S ince t h e p l a n t p r o d u c t i v i t y o f t he i n t e r c r o p p e d s u m m e r g r o u n d n u t i s
g e n e r a l l y l o w d u e t o i t s s h o r t e r g r o w i n g season , a l a rge r p l a n t p o p u l a t i o n i s
n e e d e d ( W a n g B a o h u a 1991). Fac to rs t h a t m u s t b e c o n s i d e r e d i n d e s i g n i n g the
g r o u n d n u t p o p u l a t i o n i n c l u d e t h e s o i l f e r t i l i t y , c l i m a t i c c o n d i t i o n s , a n d v a r i e t a l
206
charac te r i s t i cs s u c h a s t he g r o w t h hab i t , p l a n t h e i g h t a n d v i go r , a n d the n u m b e r o f
b r a n c h e s . P l a n t i n g f o r m a t s , o r t he w a y s i n w h i c h the t w o i n t e r c r o p s are a r r a n g e d ,
are p r i m a r i l y d e t e r m i n e d b y the so i l f e r t i l i t y , a n d t o s o m e ex ten t b y loca l p rac t i ces
f o r w h e a t p l a n t i n g , a n d the s o w i n g i m p l e m e n t s . A n u m b e r o f i n n o v a t i o n s h a v e
b e e n m a d e i n t he p l a n t i n g f o r m a t s i n accordance w i t h t he increase o f w h e a t y i e l d
l e v e l . A t p resen t , the f o l l o w i n g p l a n t p o p u l a t i o n s a n d p l a n t i n g f o r m a t s are
r e c o m m e n d e d b y researchers f o r areas o f d i f f e r e n t so i l f e r t i l i t i es (The
C o o r d i n a t i n g G r o u p f o r t he P o p u l a r i z a t i o n o f the I n t e r c r o p p e d S u m m e r
G r o u n d n u t s , u n p u b l i s h e d d a t a , 1994).
• F o r h i g h s o i l f e r t i l i t y areas ( w i t h a w h e a t y i e l d o f o v e r 5250 kg ha - 1 ) .
G r o u n d n u t s are s o w n i n b u n c h e s w i t h 2 seeds each b u n c h , a b u n c h space o f 40
x 20 c m , a n d a p o p u l a t i o n of 125 000 b u n c h e s ha - 1 (F i gu re 1).
• F o r i n t e r m e d i a t e s o i l f e r t i l i t y areas ( w i t h a w h e a t y i e l d o f 4500-5250 kg ha - 1 ) .
G r o u n d n u t s are s o w n w i t h a b u n c h space o f 25 x 27 c m , a n d a p o p u l a t i o n o f
a b o u t 150 000 b u n c h e s ha - 1 ( F i g u r e 2).
• F o r l o w s o i l f e r t i l i t y areas ( w i t h a w h e a t y i e l d o f b e l o w 4500 kg ha - 1 ) .
G r o u n d n u t s are s o w n w i t h an ave rage b u n c h space o f 35 x 18 c m , a n d a 
p o p u l a t i o n o f a b o u t 160 000 b u n c h e s h a - 1 ( F i gu re 3) .
S o w i n g t i m e a n d successful emergence
T h e r e c o m m e n d e d s o w i n g t i m e f o r t he i n t e r c r o p p e d g r o u n d n u t i s 15-20 d a y s
be fo re t he w h e a t h a r v e s t i n g . I f a w i d e r r o w space i s m a i n t a i n e d i n w h e a t
p l a n t i n g , t he s o w i n g o f g r o u n d n u t s c a n b e a d v a n c e d b y 5-10 d a y s ( Z a i
Z h o n g l i a n g e t a l . 1989). I f t he so i l m o i s t u r e i s n o t su f f i c i en t a t s o w i n g , i r r i g a t i o n
j u s t be fo re o r i m m e d i a t e l y a f te r the g r o u n d n u t s o w i n g i s a l w a y s adv i sab le .
I n a p p r o p r i a t e a d v a n c e d s o w i n g o f g r o u n d n u t forces the c r o p t o share a l o n g e r
g r o w i n g p e r i o d w i t h w h e a t , w h i c h u s u a l l y h i n d e r s the d e v e l o p m e n t o f t he
g r o u n d n u t seed l i ngs b y d e l a y i n g the f l o w e r i n g s tage, r e d u c i n g the n u m b e r o f
f l o w e r s , a n d f i n a l l y a f f e c t i n g the y i e l d . O n the o the r h a n d , w h e n g r o u n d n u t s are
s o w n la te r t h a n t he r e c o m m e n d e d t i m e , i t i s h a r d t o ach ieve the f u l l emergence b y
the t i m e o f w h e a t h a r v e s t i n g , a n d h e a v y d a m a g e t o t h e g e r m i n a t i n g g r o u n d n u t
seeds o r e m e r g i n g s e e d l i n g s i s u n a v o i d a b l e d u r i n g ha rves t o f t he w h e a t . Fo r
r a i n f e d l a n d , t he s o i l m o i s t u r e i s t he m o s t i m p o r t a n t fac to r t o b e c o n s i d e r e d a t
s o w i n g . S o g r o u n d n u t s o w i n g i s u s u a l l y d o n e w h e n e v e r su f f i c i en t r a i n fa l l s w h e n
t e m p e r a t u r e s are su i t ab l e .
I n o r d e r t o ach ieve g o o d emergence , g r o u n d n u t seeds n e e d t o b e c a r e f u l l y
se lec ted a n d p o s s i b l y coa ted w i t h pes t i c ides be fo re s o w i n g t o c u r b s e e d l i n g
diseases. A t t e n t i o n s h o u l d a lso b e g i v e n t o t he c o n t r o l o f u n d e r g r o u n d insect
pests t o e n s u r e t he success fu l e s t a b l i s h m e n t o f t he seed l ings .
Fer t i l i zer app l ica t ion
A b a l a n c e d f e r t i l i z e r a p p l i c a t i o n i s r e c o m m e n d e d t o f a r m e r s i n m o s t g r o u n d n u t -
g r o w i n g areas. T h e a m o u n t s a n d ra t i os o f N , P , K , a n d the r e q u i r e m e n t s o f
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Figure 1. Sowing pattern for soils of high fertility.
Spacing : 40 x 20 cm, Population : 125 000 bunches ha - 1 ,
2 seeds per bunch.
Figure 2. Sowing pattern for soils of intermediate fertility.
Spacing : 25 x 27 cm, Population : 150 000 bunches ha -1 ,
2 seeds per bunch.
Figure 3. Sowing pattern for soils of low fertility.
S p a c i n g : 35 x 18 cm, Population : 160 000 bunches ha - 1 ,
2 seeds per bunch.
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m i c r o n u t r i e n t s a re c h i e f l y d e t e r m i n e d by the s o i l f e r t i l i t y o f a p a r t i c u l a r area. T h e
f o r m u l a e o f t h e m a j o r n u t r i e n t s a n d the a p p l i c a t i o n p rac t i ces f o r m o s t areas o f
i n t e r m e d i a t e t o h i g h s o i l f e r t i l i t i e s i n H e n a n are r e c o m m e n d e d a s f o l l o w s ( T h e
C o o r d i n a t i n g G r o u p f o r t he P o p u l a r i z a t i o n o f t he I n t e r c r o p p e d S u m m e r
G r o u n d n u t s , u n p u b l i s h e d d a t a , 1994):
• Basa l a p p l i c a t i o n . Basa l a p p l i c a t i o n o f f e r t i l i ze rs w h e n s o w i n g the i n t e r c r o p p e d
g r o u n d n u t i s u s u a l l y d i f f i c u l t d u e t o t he c losure o f t he w h e a t canopy . So a s i n g l e
basa l a p p l i c a t i o n o f t he f e r t i l i ze r s be fo re w h e a t p l a n t i n g , a t a n i nc reased dose , i s
p r o p o s e d , a n d t h e n u t r i e n t s a re s h a r e d b y b o t h c rops . T h e r e c o m m e n d e d doses
are 6 0 m 3 f a r m y a r d m a n u r e , 300-375 k g u r e a , 450-600 k g s u p e r p h o s p h a t e , a n d
150-225 k g p o t a s s i u m c h l o r i d e o r p o t a s s i u m s u l p h a t e ha - 1 . Recent ly , w i t h t he
i m p r o v e m e n t o f t he p l a n t i n g f o r m a t s , 2 s p l i t basa l a p p l i c a t i o n s h a v e b e e n
p r o p o s e d f o r f i e l d s w h e r e a w i d e r w h e a t r o w space i s m a i n t a i n e d . T h e f i r s t
a p p l i c a t i o n a t n o r m a l doses i s c o n d u c t e d be fo re w h e a t s o w i n g , w h i l e the
s e c o n d a p p l i c a t i o n i s p e r f o r m e d i n t h e w i d e r r o w spaces o f t he w h e a t f i e l d i n
t h e f o l l o w i n g s p r i n g a t t he dose o f 15000-22500 k g f a r m y a r d m a n u r e , 150 k g
u r e a (o r 225 k g a m m o n i u m b i c a r b o n a t e ) , a n d 300-450 k g s u p e r p h o s p h a t e ha*1 .
• M i d - s e a s o n a p p l i c a t i o n . A p p l y i n g 150 kg ha - 1 u rea a t t h e s e e d l i n g s tage h e l p s to
p r o m o t e v e g e t a t i v e g r o w t h o f t he g r o u n d n u t ; a p p l y i n g 300-450 k g ha* 1 g y p s u m
i n t o t he t o p 1 0 c m s o i l l aye r a t t he f l o w e r i n g stage i n c o m b i n a t i o n w i t h t he
e a r t h i n g u p o f t he c r o p p r o v i d e s a su f f i c i en t s u p p l y o f c a l c i u m .
• F o l i a r s p r a y S p r a y i n g 1 % u rea s o l u t i o n t w i c e d u r i n g the s e e d l i n g s tage, 0 .2%
b o r a x t w i c e a t t he f l o w e r i n g s tage, a n d 0 . 1 % p o t a s s i u m d i h y d r o g e n p h o s p h a t e
p l u s s u p e r p h o s p h a t e s o l u t i o n a t the la te d e v e l o p m e n t s tage ensures the
g r o u n d n u t a r a p i d access t o t he n u t r i e n t s n e e d e d i n i t s d i f f e r e n t d e v e l o p m e n t a l
s tages.
O n ca lca reous so i ls , i r o n ch lo ros i s f r e q u e n t l y occurs d u e t o h i g h s o i l p H .
Research resu l t s i n d i c a t e t h a t s p r a y i n g 1 % fe r rous s u l p h a t e c a n cor rec t t h e i r o n
d e f i c i e n c y t o s o m e ex ten t .
C o n t r o l o f diseases, w e e d s , a n d excessive p lan t g r o w t h
E a r l y lea f s p o t (Cercospora arachidicola) a n d la te leaf spo t (Phaeoisariopsis personata) 
h a v e b e e n t he m o s t c o m m o n g r o u n d n u t diseases i n H e n a n P r o v i n c e . I n recent
yea rs , w e b b l o t c h (Didymella arachidicola) has b e c o m e v e r y d a m a g i n g . G r o u n d n u t
s t e m r o t a l so o c c u r s f r e q u e n t l y a n d u s u a l l y causes h e a v y y i e l d losses w h e n seeds
a re n o t p r o p e r l y d r i e d a n d s t o r e d . T w o e f fec t i ve pes t i c ides , c a r b e n d a z i m a n d
c h l o r o t h a l o n i l , as w e l l as a n u m b e r o f p r e v e n t i v e a g r o n o m i c p rac t i ces s u c h as
d e e p p l o w i n g , r e m o v a l o f i n f e c t e d res idues , a p p r o p r i a t e c r o p r o t a t i o n etc. are
r e c o m m e n d e d t o f a r m e r s t o c o n t r o l t he a b o v e diseases.
T r a d i t i o n a l h a n d w e e d i n g i s v e r y l a b o r i n t e n s i v e . C o n v i n c e d b y
d e m o n s t r a t i o n s c o n d u c t e d b y v a r i o u s researchers , m a n y f a r m e r s n o w h a v e
a d o p t e d h e r b i c i d e s a s a n e f fec t i ve m e a s u r e f o r w e e d c o n t r o l . A t p resen t ,
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b u t a c h l o r a n d h a l o x y f o p ( G a l l a n t ( R ) ) a re t h e t w o i m p o r t a n t h e r b i c i d e s e x t e n s i v e l y
u s e d i n H e n a n P r o v i n c e .
Excess ive p l a n t g r o w t h i s a c o m m o n p r o b l e m p r e v a i l i n g n o w i n m o s t
g r o u n d n u t - g r o w i n g areas o f i n t e r m e d i a t e t o h i g h so i l f e r t i l i t i es . T h e i nc reased
p l a n t d e n s i t y , r a i n w a t e r , a n d t h e h i g h s u m m e r t e m p e r a t u r e s are t he m a j o r fac to rs
c a u s i n g excess ive p l a n t g r o w t h w h i c h i s u s u a l l y f o l l o w e d b y l o d g i n g a n d h e a v y
y i e l d losses. F a r m e r s are r e c o m m e n d e d t o s p r a y 1000 m g L - 1 d a m i n o z i d (B9) o r
1 0 0 4 5 0 m g L - 1 p a c l o b u t r a z o l (PP333, C u l t a r ® ) a t t h e p e a k f l o w e r i n g s tage w h e n
t h e p l a n t h e i g h t exceeds 4 5 c m t o c o n t r o l t he excessive g r o w t h o f t he p l a n t .
A p p l i c a t i o n o f Y i e l d I m p r o v e m e n t Techniques
A n e x t e n s i o n n e t w o r k has b e e n es tab l i shed t h r o u g h o u t t he p r o v i n c e w i t h
c o l l a b o r a t i o n s o f sc ien t i s ts , t echn i c ians , e x t e n s i o n w o r k e r s , a n d o f f i c ia l s f r o m
d i f f e r e n t i n s t i t u t i o n s a n d g o v e r n m e n t o r g a n i z a t i o n s . A c o o r d i n a t i n g g r o u p i s
es tab l i shed a t t he A g r i c u l t u r a l D e p a r t m e n t o f t he p r o v i n c e t o c o o r d i n a t e t he
i n t e g r a t e d t e c h n o l o g y t rans fe rs . T h e m a j o r ac t i v i t i es o f the c o l l a b o r a t i o n i n c l u d e :
• I d e n t i f i c a t i o n o f t he m a j o r p r o d u c t i o n cons t ra i n t s a n d the poss ib l e s o l u t i o n s ;
• P r o p a g a t i o n a n d s u p p l y o f q u a l i t y seeds o f t h e i m p r o v e d va r i e t i es ;
• E s t a b l i s h i n g d e m o n s t r a t i o n f i e l ds a n d o r g a n i z i n g h i g h - y i e l d c o m p e t i t i o n s ;
• T r a i n i n g l o c a l t echn i c i ans a n d f a r m e r s , a n d s u p p l y i n g i n f o r m a t i o n .
T h e e x t e n s i o n a c t i v i t i e s h a v e p r o v e d t o b e v e r y f r u i t f u l . I n 1994, f o r e x a m p l e , a 
p ro j ec t w a s i n i t i a t e d t o p o p u l a r i z e t he i n t e g r a t e d y i e l d - i m p r o v i n g t echn iques f o r
g r o u n d n u t s i n t h e w h e a t / g r o u n d n u t i n t e r c r o p p i n g s y s t e m i n 6 9 t o w n s h i p s o f 1 6
c o u n t i e s , w h e r e t he p r o j e c t e d area w a s 173 000 ha . A y i e l d increase o f 525 kg ha - 1
a n d a t o t a l o u t p u t increase o f 72 100 t p o d s w e r e a c h i e v e d , T h e f a r m e r s ' ne t
i n c o m e w a s i n c r e a s e d b y 135.96 m i l l i o n Y u a n ( a b o u t 15.2 m i l l i o n U S do l l a r s ) .
Prob lems of the W h e a t / G r o u n d n u t In tercropping System
T h e w h e a t g r o u n d n u t i n t e r c r o p p i n g s y s t e m i s a r e l a t i v e l y n e w c r o p p i n g s y s t e m .
T h e r e i s m u c h w o r k t o b e d o n e t o i m p r o v e the p e r f o r m a n c e o f b o t h i n t e r c r o p s ,
e s p e c i a l l y t o f u r t h e r e x p l o r e t h e y i e l d p o t e n t i a l s o f t he i n t e r c r o p p e d g r o u n d n u t .
C o m m o n p r o b l e m s i n m o s t areas u n d e r t he s y s t e m , p a r t i c u l a r l y i n those o f
i n t e r m e d i a t e o r h i g h s o i l f e r t i l i t y are a s f o l l o w s :
• T h e d i f f i c u l t i e s i n v o l v e d i n g r o u n d n u t s o w i n g . W h e n g r o u n d n u t s are s o w n a t
t h e r e c o m m e n d e d t i m e , t h e w h e a t f i e l d s are u s u a l l y c o v e r e d w i t h w h e a t p l a n t s
o f f u l l h e i g h t , s o t h e s o w i n g o f g r o u n d n u t s i s o b v i o u s l y v e r y d i f f i c u l t a n d l a b o r
i n t e n s i v e / W i t h t h e g r a d u a l inc rease o f t h e w h e a t y i e l d , t h e a b o v e d i f f i c u l t y
b e c o m e s e v e n m o r e p r o m i n e n t . T h e l a c k o f e f f i c i en t s o w i n g i m p l e m e n t s f u r t h e r
c o m p l i c a t e s t h e s i t u a t i o n . T h e s o w i n g d i f f i c u l t i e s cause i n s u f f i c i e n t p l a n t
dens i t y , a n d f i n a l l y y i e l d r e d u c t i o n . T h e p r a c t i c a l w a y s t o r e d u c e s u c h
d i f f i c u l t i e s t o s o m e e x t e n t i n c l u d e t h e c a r e f u l d e s i g n i n g o f t h e p l a n t i n g f o r m a t s ,
a n d t h e b r e e d i n g o f n e w v a r i e t i e s o f b o t h c r o p s t ha t bes t f i t t he i n t e r c r o p p i n g
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s y s t e m . T h e r e i s a t e n d e n c y t o d e v e l o p the p o s t - w h e a t s u m m e r g r o u n d n u t
( s o w n i m m e d i a t e l y f o l l o w i n g t he ha rves t o f w h e a t ) i n areas w h e r e hea t a n d
l i g h t a re su f f i c i en t .
• P o o r g e r m i n a t i o n a n d l o w emergence ra te o f t he i n t e r c r o p p e d g r o u n d n u t .
Su f f i c i en t s o i l m o i s t u r e i s a c r u c i a l r e q u i r e m e n t f o r successfu l g e r m i n a t i o n a n d
e m e r g e n c e . I n t he r a i n f e d areas o f H e n a n P r o v i n c e , h o w e v e r , s u c h a 
r e q u i r e m e n t i s r a r e l y m e t d u e t o t he h i g h e v a p o t r a n s p i r a t i o n b y w h e a t , a n d the
u n r e l i a b l e r a i n f a l l i n t he e a r l y s u m m e r season. S o g r o u n d n u t s o w i n g has o f t e n
t o b e e i t he r a d v a n c e d o r p o s t p o n e d d e p e n d i n g o n the rece ip t o f su f f i c i en t r a i n .
I n a p p r o p r i a t e s o w i n g t i m e o b v i o u s l y resu l t s i n p o o r g e r m i n a t i o n a n d
emergence . I n i r r i g a t e d areas, e v e n t h o u g h the s o i l m o i s t u r e can b e
m a n i p u l a t e d t h r o u g h t i m e l y i r r i g a t i o n , the g e r m i n a t i o n a n d e m e r g e n c e o f the
i n t e r c r o p p e d g r o u n d n u t are o f t e n a f fec ted b y t he l o w e r s o i l t e m p e r a t u r e i n t he
w h e a t f i e l d , w h i c h u s u a l l y increases the t i m e n e e d e d f o r g e r m i n a t i o n a n d
e m e r g e n c e , a n d t h u s increases t he chance o f d isease i n f e c t i o n a n d insec t
d a m a g e t o t he seeds o r seed l i ngs . T h e g e r m i n a t i o n a n d emergence o f t he
i n t e r c r o p p e d g r o u n d n u t m a y b e i m p r o v e d t h r o u g h the se lec t i on o f des i rab le
i n t e r c r o p p i n g f o r m a t s a n d t h e a d o p t i o n o f a d v a n c e d c u l t u r a l t echn iques s u c h
a s t he p o l y t h e n e f i l m m u l c h c u l t i v a t i o n .
• T h e l ack o f e f f i c ien t m a c h i n e r y . G r o u n d n u t c u l t i v a t i o n i s g e n e r a l l y l a b o r
i n t e n s i v e a s c o m p a r e d w i t h m a n y o t h e r c rops , espec ia l l y the s o w i n g a n d
h a r v e s t i n g o p e r a t i o n s . T h e l o w l e v e l o f m e c h a n i z a t i o n i n g r o u n d n u t p r o d u c t i o n
has b e e n b o t h e r i n g C h i n a ' s g r o u n d n u t g r o w e r s f o r q u i t e a l o n g t i m e . I t i s
e s t i m a t e d t h a t t he l a b o r i n v o l v e d i n t he c u l t i v a t i o n o f t he i n t e r c r o p p e d
g r o u n d n u t i s s i g n i f i c a n t l y m o r e t h a n t ha t n e e d e d f o r the c u l t i v a t i o n o f a so le
g r o u n d n u t c r o p ( W a n g B a o h u a , p e r s o n a l c o m m u n i c a t i o n ) , s o the d e m a n d f o r
e f f i c i en t m a c h i n e r y f o r t he i n t e r c r o p p e d g r o u n d n u t i s m u c h s t ronger . T h e
f u r t h e r d e v e l o p m e n t o f g r o u n d n u t p r o d u c t i o n w i l l b e h i n d e r e d t o a c e r t a i n
e x t e n t i n t he f u t u r e i f t he m e c h a n i z a t i o n p r o b l e m c a n n o t b e s o l v e d p r o p e r l y .
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Technologies for H igh Yield of Groundnut
in Pingdu County
Cai Changj iu, Shi Qingjiang, Zhang Suqin, J i a n g Jinxing,
Wang Qingyi , Wang Weilong, Yang Xueguang1
Abstract
G r o u n d n u t i s c u l t i v a t e d o n a b o u t 3 4 000 h a i n P i n g d u coun ty . G u i d e d b y the
sc ien t is ts o f S h a n d o n g P e a n u t Research I n s t i t u t e (SPRI) , the techn ic ians o f P i n g d u
c o u n t y u s e d v a r i o u s t e c h n i q u e s t o increase g r o u n d n u t y i e l d . S ince t h e 1980s,
g o o d resu l t s h a v e b e e n a c h i e v e d . D u r i n g 1981-85, i n c o m p a r i s o n t o the 1970s, t h e
h a r v e s t e d area, the y i e l d , a n d p r o d u c t i o n h a v e a l l i nc reased m a r k e d l y a n d t o o k
f i r s t p l ace a m o n g the c o u n t i e s i n C h i n a . I n the e a r l y 1990s, the c o u n t y y i e l d h a d
inc reased a g a i n p r o b a b l y because o f t echn iques i n t r o d u c e d f r o m SPRI . A v e r a g e
y i e l d in 1993 w a s 4.64 t h a - 1 , a n d in 1994 w a s 5.03 t ha - 1 .
T h e t echno log i es c o n t r i b u t i n g t o these i m p r o v e m e n t s i n c l u d e t h e use o f
m e d i u m - d u r a t i o n va r i e t i es w i t h s tab le h i g h y i e l d s , p o l y t h e n e m u l c h i n g , n e w
c r o p p i n g sys tems , s p l i t a p p l i c a t i o n o f f e r t i l i ze rs , o p t i m a l p l a n t p o p u l a t i o n s ,
a p p l i c a t i o n o f g r o w t h r e g u l a t o r s , a n d c o n t r o l o f pests a n d diseases.
I n t r o d u c t i o n o f I m p r o v e d G r o u n d n u t V a r i e t i e s
F r o m t h e 1950s t o t he 1960s, t he t r a d i t i o n a l V i r g i n i a r u n n e r a n d l a t e - m a t u r i n g
g r o u n d n u t v a r i e t i e s w e r e r e p l a c e d b y g o o d , e a r l y - m a t u r i n g , Span ish va r i e t i es .
T h i s w a s t he f i r s t i n t r o d u c t i o n o f g o o d g r o u n d n u t va r ie t i es i n t he coun t y . I n t he
1970s, B a i Sha 1016 w a s the m a i n v a r i e t y p o p u l a r i z e d : th is w a s the s e c o n d
i n t r o d u c t i o n o f i m p r o v e d g r o u n d n u t va r ie t i es . T h a t these t w o i n t r o d u c t i o n s w e r e
1. Peanut Department, Pingdu County, Shandong, Shandong 26601, China.
Cai Changjiu, Shi Qingjiang, Zhang Suqin, Jiang Jinxing, Wang Qingyi, Wang Weilong, and Yang Xueguang. 1996.
Technologies for high yield of groundnut in Pingdu County. (In En. Summary in Ch.) Pages 213-216 in Achieving high
groundnut yields: proceedings of an international workshop, 25-29 Aug 1995, Laixi City, Shandong, China (Renard,
C., Gowda, C.L.L., Nigam, S.N., and Johansen, C. eds.). Patancheru 502 324, Andhra Pradesh, India: International
Crops Research Institute for the Semi-Arid Tropics.
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both Spanish, ear ly-matur ing types was a l im i ta t ion . In the 1980s Hua 37, a med ium-
durat ion groundnut var iety, wh ich belongs to the Virginia bunch type, was w ide ly popu-
lar ized in P ingdu county. Its un i t output was about 2 0 % higher than that of Spanish type
varieties. W i t h the ut i l izat ion of the polythene mulch ing technique the uni t output of Hua
37 in a smal l area in 1981 was as h igh as 7500 kg ha - 1 . In 1983 the mean uni t output of Hua
37 in an area o f 600 ha in both L iangmu and Zhanggezhuang towns, was 7500 kg h a 1 . By
the end of the 1980s the cumulat ive area over wh ich Hua 37 and other Virginia type
varieties were be ing g rown was up to 16 000 ha, about 8 0 % of the total. The goal of the
four th int roduct ion of new groundnut varieties in the 1990s was to realize stable h igh
yields economical ly. The ma in popular ized varieties included Lu Hua N o . 11, 79-266, Lu
H u a N o . 9, and 8130. The total area under these new varieties was about 23 300 ha, about
8 5 % of the total .
P o p u l a r i z a t i o n o f Po ly thene M u l c h i n g
T h e p o l y t h e n e m u l c h i n g t e c h n i q u e f r o m Japan w a s i n t r o d u c e d a n d r e c o m m e n d e d
i n P i n g d u i n 1979 w i t h t he h e l p o f t he S h a n d o n g P e a n u t Research I n s t i t u t e . I n 1981
t h e u n i t o u t p u t o f g r o u n d n u t w i t h the p o l y t h e n e c o v e r i n g i n 0.08 h a w a s 8790 k g
h a - 1 , a b o u t 2 4 . 1 % h i g h e r t h a n t h e c o n t r o l . I n 1982, i n a n area o f 2.1 h a the y i e l d h a d
r i s e n t o 7477 k g h a - 1 , o r 20 .4% h i g h e r t h a n t he c o n t r o l . A c c o r d i n g t o the d a t a f r o m
1979-84 the s e e d l i n g e m e r g e n c e w i t h t he p o l y t h e n e m u l c h w a s a b o u t 4 .6% h i g h e r
t h a n t h e c o n t r o l , a n d t h e t w o - s e e d e d p o d s a n d f u l l p o d s a b o u t 4 % a n d 11.6%
h i g h e r t h a n t h e c o n t r o l , respec t i ve ly . H o w e v e r , t he p o d n u m b e r k g - 1 w a s 15%
l o w e r , a n d t h e p o d n u m b e r p e r u n i t area a n d the u n i t o u t p u t w e r e a b o u t 12.75%
a n d 2 6 . 4 % h i g h e r t h a n t h e c o n t r o l , respec t i ve ly .
S ince 1983 t h e t e c h n i q u e o f g r o u n d n u t c u l t i v a t i o n w i t h p o l y t h e n e m u l c h i n g
has b e e n w i d e l y a d o p t e d i n P i n g d u . T h e t o t a l area w a s 333 h a i n 1984 a n d w a s
a b o u t 2 5 333 h a i n 1994, a r o u n d 8 5 % o f t he t o t a l area.
I n t r o d u c t i o n o f N e w C r o p p i n g Systems
Be fo re t h e 1970s t h e c r o p p i n g s y s t e m w a s m a i n l y s i ng le c rops o f swee t p o t a t o ,
s o y b e a n o r g r o u n d n u t i n a b o u t 6 0 % o f t he c u l t i v a t e d area i n P i n g d u . T h i s r e s u l t e d
i n p r o b l e m s a r i s i n g f r o m c o n t i n u o u s c r o p p i n g s u c h a s t he occu r rence a n d s p r e a d
o f g r o u n d n u t d iseases. S ince t h e n , t he c r o p p i n g s y s t e m o f 3 c rops i n 2 years , s u c h
a s s p r i n g g r o u n d n u t - w i n t e r w h e a t - s u m m e r m a i z e , w a s i n t r o d u c e d a n d w i d e l y
a c c e p t e d . U p t o n o w t h e area o f t h e 3 -c rop s y s t e m i s a b o u t 2 4 000 h a , a b o u t 8 0 % o f
t h e t o t a l a rea o f g r o u n d n u t c u l t i v a t i o n . T h e resu l t s s h o w e d t h a t t he s y s t e m c o u l d
e f f i c i e n t l y use t h e s o i l n u t r i e n t s t o inc rease t h e o u t p u t o f g r o u n d n u t a n d o b v i o u s l y
r e d u c e t h e d a m a g e d u e t o g r o u n d n u t d iseases i n c l u d i n g r o o t n e m a t o d e , a n d
h a r m f u l pes ts l i k e w h i t e g r u b s . Recent ly , f o r t h e p u r p o s e s o f i n c r e a s i n g the
c r o p p i n g i n d e x a n d t he p r o d u c t i o n e f f i c i ency o f t h e c u l t i v a t e d l a n d , t he c r o p p i n g
s y s t e m o f w i n t e r w h e a t - s u m m e r m a i z e - w i n t e r w h e a t - s u m m e r g r o u n d n u t - f o u r
c r o p s i n t w o y e a r s - has b e e n g r a d u a l l y i n t r o d u c e d a n d p o p u l a r i z e d i n P i n g d u .
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T h e p resen t t o t a l area o f t he s y s t e m i s a b o u t 4000 ha . T h e u n i t o u t p u t o f
g r o u n d n u t , w h i c h w a s r e l a y - c r o p p e d w i t h w i n t e r w h e a t , w a s u p t o 5250 k g ha - 1 ,
a n d w h e a t o u t p u t a b o u t 6000 k g h a - 1 i n l a rge areas. T h e u n i t o u t p u t o f g r o u n d n u t
s o w n d i r e c t l y a f te r t he w i n t e r w h e a t w a s u p t o 4758 k g h a - 1 , a n d the w i n t e r w h e a t
o u t p u t a b o u t 7440 k g ha - 1 . W i t h t h e b r e e d i n g o f the ea r l y a n d v e r y e a r l y - m a t u r i n g
w h e a t a n d g r o u n d n u t va r i e t i es , a n d w i t h the e n h a n c e m e n t o f t he l e v e l o f
m e c h a n i z a t i o n i n w h e a t a n d g r o u n d n u t p r o d u c t i o n the f u t u r e o f t h e c r o p p i n g
s y s t e m i s v e r y b r i g h t .
Fer t i l i zer A p p l i c a t i o n
S p l i t a p p l i c a t i o n o f o r g a n i c m a n u r e s a n d c h e m i c a l f e r t i l i ze rs w a s a d o p t e d t o m e e t
the n u t r i e n t r e q u i r e m e n t s o f h i g h - y i e l d p r o d u c t i o n techno logy . T h e a m o u n t o f
o r g a n i c m a n u r e a p p l i c a t i o n w a s a b o u t 6000 kg ha - 1 , p l u s 78.7 kg ha - 1 P , 62.25 kg
h a - 1 K , a n d 100 K g h a - 1 N . A p a r t o f t he o rgan i c m a n u r e a n d n i t r o g e n f e r t i l i ze r w a s
a p p l i e d b y b r o a d c a s t i n g i n t he w i n t e r o r s p r i n g w i t h d e e p p l o w i n g . M o s t o f t h e
r e m a i n i n g p a r t o f o r g a n i c m a n u r e a n d N P K fe r t i l i ze r w a s a p p l i e d i n e a r l y s p r i n g
w i t h r i d g e m a k i n g , a n d the r e m a i n d e r a t t he stage o f f l o w e r i n g - p e g g i n g a r o u n d
t h e g r o u n d n u t r i d g e s w i t h i n t he d e p t h r ange o f p o d d i n g . T h i s k i n d o f f e r t i l i z e r
a p p l i c a t i o n c o u l d n o t o n l y m e e t t he needs o f g r o u n d n u t g r o w t h a n d d e v e l o p m e n t
b u t a lso i m p r o v e the e n v i r o n m e n t o f t he p o d d i n g so i l z o n e , p r o m o t e t h e
d e v e l o p m e n t o f pods , increase the o u t p u t o f g r o u n d n u t , a n d i m p r o v e so i l
n u t r i t i o n o v e r a l l .
A c h i e v e m e n t o f O p t i m a l P lant Popu la t ion
T h e c lose s o w i n g o f g r o u n d n u t , w i t h a n o p t i m a l n u m b e r o f h i l l s f o r a f u l l s t a n d o f
s e e d l i n g s , h a d t o b e a d j u s t e d a c c o r d i n g t o the g r o u n d n u t va r ie t i es c u l t i v a t e d . F o r
i n s t a n c e , L u H u a N o . 1 1 a n d 79266 n e e d e d a b o u t 135 000-165 000 h i l l s h a - 1 , w i t h
t w o seeds p e r h i l l , w h i l e L u H u a N o . 9 a n d 8130 n e e d e d a b o u t 120 000-150 000
h i l l s h a - 1 , w i t h t w o seeds p e r h i l l . T h e h i g h - f e r t i l i t y so i ls w e r e su i t ab le f o r sparse
p l a n t i n g , w h i l e t he l o w - f e r t i l i t y l a n d w a s su i t ab l e f o r c lose p l a n t i n g .
F o r t h e p u r p o s e s o f e n s u r i n g a f u l l s t a n d o f seed l i ngs the f o l l o w i n g w e r e
i m p l e m e n t e d :
1 . T o e n s u r e g o o d q u a l i t y , t he seeds w e r e s t o r e d c a r e f u l l y t o a v o i d f u n g a l
i n f e c t i o n , c a r e f u l l y g r a d e d p r i o r t o s o w i n g , ( the f i r s t a n d t h e second g r a d e o f
seeds w e r e s o w n , t he t h i r d g r a d e o f seeds a n d the rest p u t as ide f o r o t he r uses) ,
a n d seeds w e r e s o a k e d i n w a r m w a t e r be fo re s o w i n g t o enhance s p r o u t i n g .
2 . T o m a k e t h e e n v i r o n m e n t a l c o n d i t i o n s o p t i m a l f o r seed s p r o u t i n g , seeds w e r e
s o w n i n t i m e , u s u a l l y a b o u t t he m i d d l e 1 0 d a y s o f A p r i l w h e n the s o i l
t e m p e r a t u r e w i t h i n 5 c m d e p t h w a s a b o u t 12°C w i t h p o l y t h e n e m u l c h i n g .
S o w i n g w a s d o n e w h i l e the re w a s su f f i c i en t m o i s t u r e i n the s o i l , a n d a m i x t u r e
o f p e s t i c i d e 8 1 2 ® w a s a d d e d t o p r o t e c t seeds f r o m s o i l pests , a n d t o r e d u c e la te r
d a m a g e t o g r o u n d n u t seed l i ngs b y a p h i d s a n d the s p r e a d o f v i r u s d isease
c a r r i e d b y a p h i d s .
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M a n a g e m e n t o f the Crop
Assis t ing the seeds to sprout ear l ier a n d m a k i n g the sprouts strong
R e m o v a l o f t h e so i l a r o u n d th e sprouts. A f t e r t h e emergence o f s p r o u t s , so i l
w a s r e m o v e d f r o m a r o u n d t h e s p r o u t s b y h a n d t o m a k e t h e t w o c o t y l e d o n s o f
each s p r o u t e m e r g e f r o m t h e s o i l . T h i s r e s u l t e d i n t h e f i r s t p a i r o f l a te ra l b ranches
b e i n g p r o d u c e d m u c h ear l ier . T h i s m a y h a v e h e l p e d the basa l n o d e s t o f o r m m o r e
p e g s a n d p o d s .
I r r i g a t i o n . G e n e r a l l y the re i s a s p r i n g season d r o u g h t i n P i n g d u e v e r y year.
T h u s i r r i g a t i o n a l o n g t h e f u r r o w s ass is ted the e v e n emergence o f seed l i ngs .
Fer t i l i ze r topdress ing . Resu l t s s h o w e d t h a t t h e t o p d r e s s i n g o f 150-180 kg ha - 1
c o m p o u n d f e r t i l i z e r o r 98-130 k g h a - 1 P i n t h e e a r l y f l o w e r i n g s tage c o u l d m e e t t h e
n e e d s o f t h e g r o w t h a n d d e v e l o p m e n t o f pegs a n d y o u n g p o d s .
T h e r e g u l a t i o n o f g r o w t h
S p r a y i n g 5 0 m g k g - 1 p a c l o b u t r a z o l (PP333) s o l u t i o n o n the leaves a b o u t 30-35
d a y s a f te r f l o w e r i n g c o u l d e f f e c t i v e l y c o n t r o l t h e h e i g h t o f p l a n t , a n d m a k e t he
leaves m u c h t h i cke r , t h e p o d s f u l l e r , a n d increase t he p o d y i e l d b y a b o u t b y 13%.
T h e f o l i a r a p p l i c a t i o n ( 2 s p r a y s a t 1 0 d a y i n t e r v a l s ) o f t i t a n i u m (Ti) c o m p o u n d
f e r t i l i z e r e n h a n c e d p h o t o s y n t h e t i c r a te , a n d p r e v e n t e d e a r l y senescence o f leaves.
M a n a g e m e n t o f diseases a n d pests
I n t h e m i d d l e s tage o f g r o w t h a n d d e v e l o p m e n t o f g r o u n d n u t t he m a i n h a r m f u l
pes ts w e r e c o t t o n b o l l w o r m s (Helicoverpa armigera), w h i t e g r u b s (Lachnosterna 
s p p . ) , etc. T h e p r e v e n t i o n a n d c o n t r o l s h o u l d b e d o n e i n t i m e , b y se lec t i ng the
m o s t e f f ec t i ve pes t i c i des . F o r i ns tance , f o r u n d e r g r o u n d pests i t w a s be t te r t o
a p p l y 7.5-15 kg ha - 1 I s o f e n p h o s - m e t h y l p e s t i c i d e t o t h e h i l l s o f g r o u n d n u t .
T h e m o s t d a m a g i n g d isease o f g r o u n d n u t i n i t s la te stages o f g r o w t h a n d
d e v e l o p m e n t w a s la te l ea f s p o t d isease (Phaeoisariopsis personata), w h i c h caused
e a r l y senescence o f leaves a n d dec reased t h e p o d y i e l d . T h u s i n t h e e a r l y p o d d i n g
s tage i t w a s b e t t e r t o s p r a y w i t h a p p r o p r i a t e f u n g i c i d e s , a n d pes t i c ides t o k i l l
a p h i d s (Aphis craccivora) w h i c h s p r e a d v i r u s diseases.
H a r v e s t i n g a t the most appropr ia te t i m e
W h e n a b o u t 6 0 - 7 0 % p o d s w e r e m a t u r e w a s t he best t i m e t o ha rves t , o t h e r w i s e the
q u a l i t y o f p o d s a n d seeds w a s a f f ec ted .
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Status of Groundnut Cultivation
and Production in Guangdong
Liang Xuanqiang1
Abstract
G r o u n d n u t i s a n i m p o r t a n t c r o p i n G u a n g d o n g P r o v i n c e , w h e r e i t i s c u l t i v a t e d o n
a b o u t 350000 ha . T h e r e are n o r m a l l y t w o s o w i n g s p e r year. F a r m e r s f o l l o w
seve ra l g o o d m a n a g e m e n t p rac t i ces i n c l u d i n g the use o f h i g h - y i e l d i n g c u l t i v a r s
Y u e y o u 223 a n d S h a n y o u 523 i n p a d d y f i e lds , h i g h - y i e l d i n g a n d bac te r i a l w i l t
res is tan t c u l t i v a r s Y u e y o u 256 a n d Y u e y o u 200 i n u p l a n d areas, s o w i n g a n d
h a r v e s t i n g i n t i m e , r o t a t i o n w i t h r i ce i n p a d d y f i e lds a n d w i t h swee t p o t a t o i n
u p l a n d s , u s i n g t he o p t i m u m rates a n d r a t i o o f N P K fe r t i l i ze rs , j u d i c i o u s use o f
i r r i g a t i o n , g o o d w e e d c o n t r o l , a n d i n t e g r a t e d pest a n d disease m a n a g e m e n t .
I n t roduc t ion
G u a n g d o n g , s o u t h e r n C h i n a , has a l a n d area o f 178 000 k m 2 , a n d va r ies i n l a t i t u d e
f r o m 20°09 ' t o 2 5 °3 1 ' N a n d i n l o n g i t u d e f r o m 109°45' t o 117°20'E. T h e a n n u a l
r a i n f a l l va r i es f r o m 1500 t o 2000 m m . T h e a n n u a l so lar r a d i a t i o n e n e r g y va r i es 9 9 -
136 K c a l c m - 2 . T h e r e i s a f ros t - f ree p e r i o d o f m o r e t h a n 300 d a y s .
Product ion
I n G u a n g d o n g , g r o u n d n u t i s the second m o s t i m p o r t a n t c r o p a f ter r i c e a n d
o c c u p i e s 13% o f t h e area o f a l l c r o p s a n d a b o v e 9 5 % o f t he area o f o i l seed c r o p s .
T h e r a t i o o f g r o u n d n u t area to r i ce area i s 1:8.4.
G r o u n d n u t i s g r o w n i n t w o seasons; t he s p r i n g season (80% o f t o t a l
p r o d u c t i o n ) b e i n g f o r c o m m e r c i a l uses, a n d t he a u t u m n season (20% p r o d u c t i o n )
1. Economic Crops Research Institute, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China.
Liang Xuanqiang, 1996. Status of groundnut cultivation and production in Guangdong. (In En. Summary in Ch.)
Pages 217-222 in Achieving high groundnut yields: proceedings of an international workshop, 25-29 Aug 1995, Laixi
City, Shandong, China (Renard, C., Gowda, C.L.L, Nigam, S.N., and Johansen, C. eds.). Patancheru 502 324, Andhra
Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics.
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being largely for seed . As shown in Table 1, the average harvested area for 1980-1989 was
358375 ha wh i le the average harvested area for 19904994 was 328694 ha showing a 
decrease of approximately 29681 ha. In contrast, average product ion in the 1980s was 0.55
m i l l i o n t and in 1990-1994 0.61 m i l l i on t, an increase of almost 1 1 % over the 1980s average
product ion. Th is signif icant increase in the 1990-1994 per iod is attributable to higher
yields. The yie lds increased f r o m 1.53 t ha -1 in 1980s to 1.85 t ha -1 in 1990-1994, a 2 1 %
rise. Cantonese farmers have a long history of groundnut cul t ivat ion and groundnut is
w ide ly g rown al l over Guangdong. Accord ing to cl imatic condit ions, and economic and
social characteristics, Guangdong groundnut product ion can be d iv ided into four regions.
(1) The southwest, inc lud ing D inba i , Wuchuan, Huazhou, Yangchun, Yangj iang, Shu ix i ,
L ian j iang , Ha ikang, and Xuwen , is the major groundnut-producing area. The annual
harvested area in the southwest was 100 000 ha and the y ie ld was 1.60 t ha -1 in 1994. (2)
The east, inc lud ing Chenhai , Chaoj ian, Puning, Chaozhou, and Hai feng, is the h igh-y ie ld
area. The annual area sown is about 60 000 ha and the y ie ld is 2 t ha - 1 . (3) The nor th,
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i n c l u d i n g Y i n g d e , Q u j i a n g , T e c h a n g , P o l u o , H u i y a n g , H e y u a n , a n d H u i d o n , i s t h e
la rges t area o f g r o u n d n u t p r o d u c t i o n . T h e a n n u a l h a r v e s t e d area i s o v e r 120 000
ha a n d t h e y i e l d i s 1.5 t h a - 1 . (4) T h e cen t ra l z o n e i n c l u d e s G u a n g z h o u , Ta i shan ,
X i n h u i , K a i p i n , S a n s h u i , a n d N a n h a i . H e r e t he h a r v e s t e d area i s a b o u t 5 0 000 h a
a n d t h e y i e l d is a b o u t 1.9 t ha - 1 .
A p p r o x i m a t e l y 9 8 % o f t h e g r o u n d n u t i n G u a n g d o n g i s Span ish t y p e , m a t u r i n g
i n 1 1 0 4 2 0 d a y s . A t p resen t , t h e h i g h - y i e l d i n g , rus t - res is tan t va r ie t i es S h a n y o u
523, Y u e y o u 223, a n d S h a n y o u 7 1 are w i d e l y s o w n i n p a d d y - f a l l o w s . T h e h i g h -
y i e l d i n g , b a c t e r i a l w i l t - r e s i s t a n t va r ie t i es Y u e y o u 256, Y u e y o u 200, a n d Y u e y o u 9 2
are w i d e l y s o w n i n u p l a n d s .
I n G u a n g d o n g , a b o u t 8 0 % o f t h e g r o u n d n u t p r o d u c e goes f o r o i l e x t r a c t i o n ,
2 0 % a s seed a n d f o r d i r e c t c o n s u m p t i o n a s roas ted , f r i e d , o r b o i l e d g r o u n d n u t / o r
i n c o n f e c t i o n e r y .
C u l t u r a l Practices
C o n s i d e r a b l e research has b e e n d o n e i n the 1980s o n c u l t u r a l p rac t i ces f o r
g r o u n d n u t . M a n y e x p e r i m e n t a l s ta t i ons h a v e c o n d u c t e d s tud ies o n i n t e r c r o p p i n g ,
c r o p r o t a t i o n , f e r t i l i t y , t i m e o f p l a n t i n g , va r ie t ies , w e e d c o n t r o l , a n d c r o p
p r o t e c t i o n . Resu l t s f r o m these s tud ies h a v e l e d t o r e c o m m e n d a t i o n s f o r o b t a i n i n g
h i g h y i e l d s w h i c h h a v e b e e n a d o p t e d b y f a r m e r s .
C r o p rota t ion a n d in tercropp ing
Since t h e 1960s, g r o u n d n u t r o t a t i o n w i t h r i ce ( p a d d y - f a l l o w s ) , a n d w i t h s w e e t
p o t a t o o r j u t e i n u p l a n d s h a d b e e n w i d e l y u s e d i n G u a n g d o n g , R o t a t i o n has m a n y
a d v a n t a g e s : i t c a n m a i n t a i n a n d increase s o i l f e r t i l i t y , a n d r e d u c e s o i l - b o r n e pests
a n d d iseases, espec ia l l y bac te r i a l w i l t . T h e m a j o r g r o u n d n u t p r o d u c t i o n i n t h e
n o r t h e r n a n d s o u t h w e s t e r n r eg i ons i s m o s t l y i n u p l a n d i n r o t a t i o n w i t h s w e e t
p o t a t o , s o y b e a n , m u n g b e a n , s m a l l r e d b e a n , m a i z e a n d tobacco. A f t e r the h i g h -
y i e l d i n g a n d bac te r i a l w i l t - r e s i s t a n t va r i e t i es Y u e y o u 92, Y u e y o u 256, a n d Y u e y o u
200 w e r e re leased , g r o u n d n u t has b e e n g r o w n i n u p l a n d s o r h i l l y areas as a so le
c r o p . I n t h e eas te rn a n d c e n t r a l r e g i o n , 8 0 % o f g r o u n d n u t i s r o t a t ed w i t h r i ce , a n d
g i v e s h i g h y i e l d s . I n s o m e areas, g r o u n d n u t i s i n t e r c r o p p e d w i t h y o u n g
s u g a r c a n e , f r u i t t rees, m a i z e , o r s o r g h u m . T h e r a t i o o f g r o u n d n u t t o i n t e r c r o p
v a r i e s f r o m 1:1 t o 1:10 d e p e n d i n g on the s o i l t y p e , c l i m a t i c c o n d i t i o n s , a n d
i n t e r c r o p species.
S o w i n g t i m e
Resu l t s f r o m e x p e r i m e n t s b y m a n y a g r o n o m i s t s o n da te o f p l a n t i n g o f Span i sh
g r o u n d n u t s i n G u a n g d o n g s h o w e d t h a t f a r m e r s c o u l d increase t he i r y i e l d b y
s o w i n g ea r l i e r t h a n w a s cus tomary . Fo r s p r i n g season g r o u n d n u t , t he o p t i m u m
s o w i n g t i m e i s a b o u t 2 0 Feb ( ' R A I N F A L L ' ) i n t he s o u t h e r n r e g i o n , 2 0 Feb-5 M a r
( ' R A I N F A L L ' t o ' E X C I T E D I N S E C T S ' ) i n t h e c e n t r a l r e g i o n , a n d 5 M a r - 2 0 M a r
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( ' E X C I T E D I N S E C T S ' t o ' V E R N A L E Q U I N O X ' ) i n t h e n o r t h e r n r e g i o n . F o r
a u t u m n season g r o u n d n u t , t h e o p t i m u m s o w i n g t i m e i s a b o u t 2 0 A u g ( ' L I M I T O F
H E A T ' ) i n t h e s o u t h e r n r e g i o n , 8 A u g ( ' A U T U M N B E G I N S ' ) i n t he c e n t r a l r e g i o n ,
a n d 2 0 Ju l -8 A u g ( ' G R E A T H E A T ' t o ' A U T U M N B E G I N S ' ) i n t he n o r t h e r n r e g i o n .
L a n d p r e p a r a t i o n a n d s o w i n g m e t h o d
G o o d t i l t h i s essen t i a l t o o b t a i n t he best g e r m i n a t i o n . I n G u a n g d o n g , t he s o w i n g
t i m e i s o f t e n d u r i n g a r a i n y p e r i o d , a n d a s t u r n - a r o u n d t i m e i n t he r i c e - f a l l o w s i s
s h o r t , l a n d p r e p a r a t i o n m u s t b e d o n e a s e a r l y a s poss ib le . D e e p p l o w i n g a n d
i n t e n s e h a r r o w i n g are t h e k e y s t o o b t a i n i n g h i g h y i e l d . I n o r d e r t o get r i d o f
w a t e r l o g g i n g p r o b l e m s , t h e n a r r o w ra i sed b e d ( 1 3 - 2 m w i d e , 0.2-0.25 m h i g h ) a n d
f u r r o w s y s t e m ( t w o f u r r o w s o f 0 3 m w i d t h o n e i the r s ide) m u s t b e p r e p a r e d w i t h
f l a t su r faces o n b o t h t h e r a i sed b e d a n d f u r r o w / p a n . E a c h ra i sed b e d w i l l
a c c o m m o d a t e 4-5 r o w s w i t h 23-26 c m s p a c i n g b e t w e e n r o w s . T h e s o w i n g d e p t h i n
p a d d y f a l l o w s i s 3 c m a n d i n u p l a n d 3-4 c m . I t i s necessary t o t rea t t he se lec ted
k e r n e l s b e f o r e s o w i n g w i t h 4 0 % C a r b e n d a z o l ® ( m e t h y l 2 - b e n z i m i d a z o l e
c a r b a m a t e ) to c o n t r o l co l l a r r o t (Selerotium rolfsii) a n d o t h e r s o i l b o r n e diseases.
Plan t dens i ty
T h e research resu l t s s h o w e d tha t r a t i o n a l p l a n t d e n s i t y n o t o n l y increases p l a n t
y i e l d b u t a lso increases s h e l l i n g pe rcen tage . A p o p u l a t i o n o f 330 000 p l a n t s ha - 1
g i v e s a 17% inc rease i n y i e l d o v e r t he y i e l d o f 150 000 p l a n t s ha - 1 . T h e o p t i m u m
d e n s i t y v a r i e s f r o m 270 000 - 330 000 p l a n t s ha - 1 i n t he s p r i n g season, a n d f r o m
300 000 - 375 000 p l a n t s ha - 1 i n t h e a u t u m n season d e p e n d i n g on the l a n d f e r t i l i t y ,
a v a i l a b i l i t y o f i r r i g a t i o n , a n d g r o w t h h a b i t o f t he va r ie t y . T h e m o s t c o m m o n
s p a c i n g r e c o m m e n d e d i s 23-26 cm x 17-20 cm f o r t w o seeds h i l l - 1 a n d 23-26 cm x 
10-13 c m f o r o n e seed h i l l - 1 .
Fer t i l i ze r app l ica t ion
Sc ien t i s ts f r o m t h e I n d u s t r i a l C r o p s Research I n s t i t u t e f o u n d t ha t t w o t h i r d s o f t h e
n i t r o g e n r e q u i r e d b y g r o u n d n u t c a n b e f i x e d b y r h i z o b i a . P h o s p h o r u s i s eas i l y
f i x e d i n s o i l , a n d t h e u t i l i z e d coe f f i c ien ts are 40 -50% f o r N a n d P , a n d 50 -60% f o r K .
T h e c o n t e n t o f p o t a s s i u m i n so i l i n G u a n g d o n g i s l o w (0.16-0.87%). T h e N P K
f e r t i l i z e r doses r e c o m m e n d e d i n G u a n g d o n g are 60-90 k g N , 60-90 k g P a n d 75-90
kg K h a - 1 . T h e N P K r a t i o = 1 : 0.8-1 : 1-1.2. In p rac t i ce , 7.5-11.25 t b u r n e d s o i l ,
3.75-7.5 t f a r m y a r d m a n u r e , 225-300 k g g r o u n d n u t m e a l , 6 0 k g u r e a , 225-300 k g
s u p e r p h o s p h a t e , 100-120 k g p o t a s s i u m s u l p h a t e (or 750-900 k g p l a n t ash) , 375-750
k g l i m e , a n d 7.5 k g b o r o n f e r t i l i z e r s are m i x e d a n d i n c o r p o r a t e d i n s o i l be fo re
s o w i n g as t h e basa l m a n u r e p e r hec ta re . A s i de d r e s s i n g o f 60 kg ha - 1 i s a p p l i e d a t
t he f o u r lea f s tage a n d 300 kg ha - 1 l i m e i s a p p l i e d as t o p d r e s s i n g a t f l owe r i ng .
Water m a n a g e m e n t
A g r o u n d n u t c r o p r e q u i r e s o n a n a v e r a g e 3375-3750 t h a - 1 o f wa te r . T h e o p t i m u m
s o i l m o i s t u r e c o n t e n t i s 50 -60% a t s e e d l i n g s tage , 60 -70% f r o m f l o w e r i n g t o t he
220
p e g g i n g s tage , a n d 50-60% a t p o d d i n g . T h e c r i t i c a l stages are f l o w e r i n g , p e g g i n g ,
a n d p o d d e v e l o p m e n t . A s excessive i r r i g a t i o n m u s t b e a v o i d e d , a th ree l e v e l
d r a i n a g e d i t c h s y s t e m , w h e r e the s u r r o u n d i n g d i t c h o f t he f i e l d i s 5-7 c m deepe r
t h a n t h e f u r r o w d i t c h , a n d the o u t s i d e d r a i n a g e d i t c h i s 3 0 c m deepe r t h a n the
s u r r o u n d i n g d i t c h , i s t he best m e t h o d f o r i r r i g a t i o n .
W e e d control a n d ear th ing-up operat ion
A p p l i c a t i o n o f h e r b i c i d e s f o l l o w e d b y 1-2 hoe ings con t ro l s w e e d s e f fec t ive ly . T h e
r e c o m m e n d e d he rb i c i des f o r g r o u n d n u t i n G u a n g d o n g are 2 5 % Ronster® 1.5 L 
h a - 1 , 4 8 % Lasso® 2.25 L h a - 1 , or 7 2 % D u a l ® 1.5 L ha - 1 , in 600-750 L of w a t e r as p r e -
e m e r g e n c e s p r a y s a p p l i e d w i t h i n 2 d a y s o f s o w i n g . I n Z h a n g j i a n g c i ty ,
e x p e r i m e n t a l resu l t s on e a r t h i n g - u p i n d i c a t e d a y i e l d increase o f 25.5% o v e r t he
c o n t r o l . T h e e a r t h i n g - u p i s d o n e a t the f l owe r i ng stage.
C r o p protect ion
A w i d e r a n g e o f pests a n d diseases a t tack g r o u n d n u t a n d cause cons ide rab le
losses i n y i e l d i n G u a n g d o n g . A m o n g the diseases, r u s t (Puccinia arachidis), lea f
spo ts (Cercospora arachidicola a n d Cercosporidium personatum), bac te r i a l w i l t , p e a n u t
s t r i p e d isease, c o l l a r r o t , a n d s t e m r o t are c o m m o n . A p h i d s , a r m y w o r m , w h i t e
g r u b s , a n d t h r i p s are the c o m m o n pests.
Rust a n d leaf spots control . I n t e g r a t e d c o n t r o l i s the best a p p r o a c h , b u t c u l t u r a l
m e a s u r e s s u c h a s e a r l y s o w i n g i n the s p r i n g c r o p a n d la te s o w i n g i n the a u t u m n
c r o p , l o w w a t e r tab le a n d i m p r o v e d d r a i n a g e , a p p l i c a t i o n o f P a n d K f e r t i l i ze r s
a n d d e s t r u c t i o n o f v o l u n t e e r p l a n t s are e f fec t i ve t o reduce the i nc idence . U s e o f
res i s tan t c u l t i v a r s e.g., Y u e y o u 223 a n d S h a n y o u 523, a n d c h e m i c a l c o n t r o l b y
D a c o n i l ® , B o r d e a u x M i x t u r e ® , a n d c o l l o i d a l s u l f u r s p r a y e d o n the c r o p c a n
c o n t r o l t he d iseases.
Bacter ia l w i l t contro l . T h i s i s t he second m o s t i m p o r t a n t d isease i n G u a n g d o n g .
R o t a t i o n w i t h suga rcane f o r 2-3 years has been f o u n d t o r educe bac te r i a l w i l t
i n c i d e n c e t o u n d e r 10%, w h i l e r o t a t i o n w i t h r i ce c a n r e d u c e i nc i dence t o b e l o w
1 % . Tobacco , t o m a t o , e g g p l a n t a n d p e p p e r s h o u l d n o t b e r o t a t e d w i t h g r o u n d n u t
i f b a c t e r i a l w i l t i s t o b e c o n t r o l l e d . Bac ter ia l w i l t - r e s i s t a n t c u l t i v a r s Y u e y o u 256,
Y u e y o u 9 2 a n d Y u e y o u 200 s h o u l d b e g r o w n .
C o l l a r rot a n d s tem rot control . Dacon i l® , Tops in®, Bav i s t i n® , a n d o t h e r
f u n g i c i d e s h a v e g i v e n e f fec t i ve c o n t r o l .
Pest cont ro l . Sp rays o f d i m e t h o a t e , m a l a t h i o n , a n d p i r i m i c a r b are e f fec t i ve t o
c o n t r o l i nsec t pests .
O p t i m u m cu l tura l practices for m e d i u m a n d l o w - y i e l d i n g areas
A l t h o u g h the y i e l d l e v e l i n s o m e areas o f G u a n g d o n g p r o v i n c e (Ta ishan ,
G a o z h o u , D o n g y u a n , N a n x i a n g , C h e n h a i , Q u j i a n g ) app roaches 2100 k g h a - 1
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( n a t i o n a l ave rage ) i t i s less t h a n t h e n a t i o n a l a v e r a g e i n 7 0 % o f t h e area. T h e
causes o f l o w y i e l d a r e d r o u g h t , p o o r s o i l f e r t i l i t y , b ac te r i a l w i l t , f o l i a r d iseases,
a n d p o o r f a r m i n g p rac t i ces . A p ro j ec t f o r t h e d e v e l o p m e n t o f l o w - a n d m e d i u m -
y i e l d i n g g r o u n d n u t areas w a s c a r r i e d o u t d u r i n g 1990-1993. T h e area w i t h l o w -
y i e l d i n g f i e l d s i m p r o v e d t o g i v e m e d i u m y i e l d s o f 1800 k g h a - 1 i n 7 0 000 h a , w h i l e
areas w i t h m e d i u m - y i e l d i n g f i e l d s b e c a m e h i g h - y i e l d i n g i n 140 000 h a a n d t h e
y i e l d r e a c h e d 2600 k g h a - 1 . T h e m a i n c u l t u r a l p rac t i ces t ha t r e s u l t e d i n these
i m p r o v e m e n t s w e r e t h e i n t r o d u c t i o n o f h i g h - y i e l d i n g c u l t i v a r s , a d o p t i o n o f
n a r r o w r a i s e d b e d s , a n d d e e p f u r r o w s , t h e i nc reased a p p l i c a t i o n o f basa l m a n u r e s
a n d f e r t i l i z e r s , t h e p r e p a r a t i o n o f a f i n e t i l t h , a n d h a r v e s t i n g a t t h e o p t i m a l t i m e .
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Ecoresources and Cultural Practices of Groundnut
in the Loess Plateau of Shaanxi Province
Zhang Qihua, Gao Xiang, and Guo Yonghua1
Abstract
I n t h e S h a a n x i P r o v i n c e o f C h i n a , 6 1 % o f t he l a n d area i s a loess p l a t e a u ; 8 5 % o f
t h i s i s s u i t a b l e f o r g r o u n d n u t p r o d u c t i o n . T h i s w a s ca l cu la ted p r i m a r i l y o n t he
bas is o f s u i t a b l e t e m p e r a t u r e c o n d i t i o n s fo r g r o w t h , w a t e r a v a i l a b i l i t y ( r a i n f a l l
a n d i r r i g a t i o n p o t e n t i a l ) , so i l character is t ics , a n d i n c i d e n t r a d i a t i o n . C o m p a r e d
w i t h c u l t i v a t i o n i n o p e n f i e lds , u s i n g p o l y t h e n e f i l m d u r i n g c u l t i v a t i o n c a n
inc rease g r o u n d n u t y i e l d s b y o v e r 38.2%. Da ta f r o m g r o u n d n u t - p r o d u c i n g
r e g i o n s s h o w e d t ha t p r o d u c t i o n i n Shaanx i p r o v i n c e i n 1984-88 w a s m u c h h i g h e r
t h a n i t w a s 5 yea rs ear l ier .
I n t r o d u c t i o n
T h e loess p l a t e a u o f S h a a n x i P r o v i n c e l ies ad jacent t o the m i d d l e sec t ion o f the
Y e l l o w R ive r . I t i n c l u d e s the cen t ra l zone o f the loess p l a t e a u w h i c h l ies t o the
n o r t h o f t h e Q i n L i n g m o u n t a i n s a n d i s i n the w a r m tempe ra te zone , w i t h a s e m i -
a r i d m o n s o o n c l i m a t e . F e w e c o n o m i c c rops are g r o w n a n d the e c o n o m y o f t he
r e g i o n i s l a g g i n g . G r o u n d n u t has been p r o d u c e d i n Shaanx i P r o v i n c e f o r a l m o s t
200 yea rs a n d i s m a i n l y c o n c e n t r a t e d o n the l o w e r reaches o f the W e i R i v e r w h e r e
a b o u t 20000 h a o f g r o u n d n u t i s g r o w n . H o w e v e r , y i e l d s are l o w i n th i s r e g i o n .
Research o n g r o u n d n u t a i m s a t i n c reas ing the p r o d u c t i v i t y a n d p r o d u c t i o n t o
e n h a n c e se l f - su f f i c i ency i n e d i b l e o i l , a n d t o i m p r o v e the e c o n o m i c c o n d i t i o n o f
f a r m e r s i n t he r e g i o n .
1. Shaanxi Institute of Economic Crops, Yanging, Shaanxi 712100, China.
Zhang Qihua, Gao Xiang, and Guo Yonghua. 1996. Ecoresources and cultural practices of groundnut in the Loess
Plateau of Shaanxi Province. (In En. Summary in Ch.) Pages 223-232 in Achieving high groundnut yields: proceedings
of an international workshop, 25-29 Aug 1995, Laixi City, Shandong, China (Renard, C., Gowda, C.L.L., Nigam, S.N.,




C o m p r e h e n s i v e i n v e s t i g a t i o n s o n p r o d u c t i o n o f o i l c r o p s w e r e c a r r i e d o u t i n t h e
c o u n t i e s o f t h e loess p l a t e a u . T h e resu l t s s h o w e d t h a t s o m e f a r m e r s g r e w
g r o u n d n u t a n d o b t a i n e d g o o d e c o n o m i c r e t u r n s i n t h e loess so i ls .
U s i n g a v a i l a b l e k n o w l e d g e , t h e eco log i ca l fac to rs a f f e c t i n g g r o u n d n u t
c u l t i v a t i o n a n d g r o w t h h a v e b e e n i d e n t i f i e d . Research, d e m o n s t r a t i o n a n d
e x t e n s i o n o f h i g h - y i e l d t echno log ies w e r e c o n d u c t e d a t M i z h i a n d H e y a n g
E x p e r i m e n t S ta t i ons l o c a t e d i n t he N o r t h a n d C e n t r a l p a r t o f S h a a n x i P r o v i n c e ,
respec t i ve l y .
Results a n d Discussion
T h e E v a l u a t i o n o f Ecological Factors
A f f e c t i n g G r o u n d n u t Product ion
Temperature
G r o u n d n u t seeds n e e d a t e m p e r a t u r e o f 12°C f o r g e r m i n a t i o n . T h e t e m p e r a t u r e
s u m m a t i o n o f t he w h o l e g r o w i n g p e r i o d o f g r o u n d n u t i s exp ressed a s 12°C
t e m p e r a t u r e s u m m a t i o n . D u r i n g t h e g r o w i n g season f r o m A p r - S e p , the
t e m p e r a t u r e s u m m a t i o n i s m o r e t h a n 3000°C. F r o m J u l - A u g , t he m e a n
t e m p e r a t u r e d a y - 1 i s 2 2 °C . T h e d a i l y m e a n t e m p e r a t u r e i n the e a r l y d a y s o f June
n e e d s t o b e >20°C. T h e n u m b e r o f f ros t - f ree d a y s s h o u l d b e a t least 150. T h e
c o u n t i e s o f t h e loess p l a t e a u o f S h a a n x i P r o v i n c e h a v e b e e n d i v i d e d i n t o s ix
d i s t r i c t s a c c o r d i n g t o t h e resu l t s o f t h e c o m p r e h e n s i v e ana lyses c o n s i d e r i n g the
a b o v e f o u r t e m p e r a t u r e fac to rs , a s s h o w n i n Tab le 1 .
Q i n L i n g M o u n t a i n : T h i s area l i es i n the n o r t h e r n f o o t h i l l s o f t he Q i n L i n g
M o u n t a i n s , w h e r e t h e t e m p e r a t u r e s are u n s u i t a b l e f o r g r o u n d n u t c u l t i v a t i o n , a n d
s u i t e d o n l y t o s p r i n g w h e a t , s p r i n g rapeseed , b u c k w h e a t , a n d r y e t h a t n e e d l o w e r
t e m p e r a t u r e s . T h e r e f o r e , g r o u n d n u t i s n o t g r o w n .
L o w t e m p e r a t u r e distr ict: T h i s area i n c l u d e s 1 2 c o u n t i e s l y i n g t o t h e n o r t h w e s t
o f B a i Y u M o u n t a i n a n d Z h i Y u M o u n t a i n i n S h a a n x i P r o v i n c e . T e m p e r a t u r e s t e n d
t o b e l o w . U s i n g p o l y t h e n e m u l c h i n g t echn iques , s h o r t d u r a t i o n g r o u n d n u t
v a r i e t i e s c a n b e c u l t i v a t e d . T h i s area i s u n s u i t a b l e f o r g o o d e c o n o m i c r e t u r n s f r o m
g r o u n d n u t .
M i d - l o w t e m p e r a t u r e distr ict: T h i s area i n c l u d e s 1 0 c o u n t i e s o f t h e n o r t h e r n
S h a a n B e n . T h e t e m p e r a t u r e s a re su f f i c i en t t o p r o d u c e o n e c r o p p e r year . B y t he
use o f p o l y t h e n e f i l m m u l c h i n g g o o d e c o n o m i c r e t u r n s c a n b e o b t a i n e d f r o m
g r o u n d n u t c u l t i v a t i o n .
M i d - t e m p e r a t u r e distr ict: T h i s area cove rs t h e c o u n t i e s near t h e Y e l l o w R i v e r
a n d t h e n o r t h e r n p a r t o f S h a a n x i p r o v i n c e . T h e c l i m a t i c c o n d i t i o n s are s u i t a b l e f o r
l a r g e - p o d d e d m e d i u m - d u r a t i o n va r i e t i es . I n g e n e r a l , t h e y are s o w n i n s p r i n g a n d
h a r v e s t e d i n a u t u m n . B y u s i n g p o l y t h e n e m u l c h i n g h i g h y i e l d s c a n b e a c h i e v e d .
T h i s i s t h e m a j o r d i s t r i c t f o r d e v e l o p i n g g r o u n d n u t p r o d u c t i o n .
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M i d - h i g h tempera tu re d i s t r i c t : T h i s area m a i n l y i n v o l v e s 2 6 c o u n t i e s o f the
W e i b e i t a b l e l a n d a n d G u a n z h o n g p l a i n s w h e r e the t e m p e r a t u r e r e g i m e i s s u i t a b l e
f o r a l l v a r i e t i e s o f g r o u n d n u t G e n e r a l l y , c r o p s are p l a n t e d i n s p r i n g , a n d th ree
c r o p s c a n b e h a r v e s t e d i n t w o years . G r o u n d n u t o f h i g h y i e l d a n d q u a l i t y can b e
c u l t i v a t e d .
H i g h t e m p e r a t u r e distr ict: T h e c o n f l u e n c e area o f t he W e i , F i n g , L o u , a n d
Y e l l o w R i v e r s i s t h e z o n e o f h i g h e s t t e m p e r a t u r e s i n t he loess p l a t e a u o f S h a a n x i
P r o v i n c e , a n d th i s i s t he area w h e r e g r o u n d n u t w a s t r a d i t i o n a l l y g r o w n .
G e n e r a l l y , g r o u n d n u t a n d w h e a t are p l a n t e d i n r o t a t i o n , i n o n e year. T h i s area
p r o d u c e s h i g h y i e l d s o f b o t h w h e a t a n d g r o u n d n u t .
I n t h e loess p l a t e a u , t h e m o u n t a i n o u s a n d l o w t e m p e r a t u r e area i s 2 8 % o f t he
t o t a l , a n d t he r e m a i n i n g area (72%) i s su i t ab l e f o r g r o u n d n u t c u l t i v a t i o n .
Moisture
T h e loess p l a t e a u o f S h a a n x i P r o v i n c e i s a s e m i - a r i d r e g i o n o f the t e m p e r a t e z o n e ,
a n d p r e c i p i t a t i o n i s less t h a n e v a p o r a t i o n . T h e m a i n l i m i t i n g fac to r d u r i n g
g r o u n d n u t g r o w t h i s s o i l w a t e r de f i c iency . H o w e v e r , f o r m o s t o f the loess p l a t e a u ,
t h e t o t a l p r e c i p i t a t i o n m e e t s t he needs o f g r o u n d n u t a s t he r a i n f a l l occu rs d u r i n g
t h e g r o u n d n u t g r o w i n g season. T h e w a t e r - h o l d i n g capac i t y o f s o i l i s g o o d a n d
c a n c o m p e n s a t e t h e w a t e r de f i c ienc ies f o r g r o u n d n u t g r o w t h t o s o m e ex ten t . T h e
loess p l a t e a u has b e e n d i v i d e d i n t o f o u r r e g i o n s o n t he bas is o f p r e c i p i t a t i o n
(Tab le 2) .
A r i d R e g i o n : T h i s m a i n l y i n c l u d e s t he c o u n t i e s tha t l i e near t he l i n e o f t he Grea t
W a l l a n d Y e l l o w R ive r , a r e g i o n p r o n e t o w i n d s t o r m s . T h e r a i n f a l l i s su f f i c i en t f o r
t h e needs o f t he s h o r t - d u r a t i o n g r o u n d n u t va r ie t i es . T h i s r e g i o n i s r i c h i n
u n d e r g r o u n d w a t e r , a n d the p r o d u c t i o n o f a l l c rops can b e inc reased b y
d e v e l o p i n g i r r i g a t i o n .
S e m i - a r i d r e g i o n : T h e r a i n f a l l o f t he s e m i - a r i d r e g i o n i n t he s u m m e r season i s
h i g h e r t h a n i n o t h e r seasons. T h e h i g h e r t e m p e r a t u r e s c a n m e e t the needs o f the
m e d i u m - d u r a t i o n g r o u n d n u t va r i e t i es .
H o t - a r i d r e g i o n : T h i s m a i n l y i n c l u d e s the c o u n t i e s t ha t are near t he v a l l e y s o f
t he F i n g a n d W e i R i v e r s . A l t h o u g h the c o m b i n a t i o n o f h i g h t e m p a r t u r e s a n d l o w
r a i n f a l l i s seve re , i r r i g a t i o n sys tems are v e r y g o o d , w h i c h ensures g r o u n d n u t
p r o d u c t i o n .
S u i t a b l e r a i n f a l l r e g i o n : T h i s r a i n f e d f a r m i n g r e g i o n occu rs i n the n o r t h e r n W e i
B e n a n d t h e s o u t h e r n S h a a n B e n areas. A s h i g h r a i n f a l l a n d h i g h t e m p e r a t u r e s
c o i n c i d e , t h i s r e g i o n i s s u i t a b l e f o r g r o u n d n u t p r o d u c t i o n .
Soil
S o i l i s a m a i n fac to r t h a t has l i m i t e d g r o u n d n u t p r o d u c t i o n i n t he pas t . Based o n
the researches o f S h a n d o n g P e a n u t Research I n s t i t u t e , t he s o i l v o l u m e c a n b e
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d i v i d e d i n t o t h ree l aye rs w h e r e the t o p 0 4 0 c m i s t he r o o t b e a r i n g layer , 10-30 c m
i s t he n u t r i e n t s u p p l y layer , a n d the so i l b e l o w 3 0 c m i s the d e e p r o o t i n g layer . T h e
b u l k d e n s i t y o f t he 0 4 0 cm laye r i s less t h a n 1.3 g c m - 3 . So i l p o r o s i t y i s 5 0 % , a n d
so i l c l a y c o n t e n t i s a p p r o x i m a t e l y 2 5 % . Charac te r i s t i cs o f the so i l i n d i f f e r e n t
c o u n t i e s i s g i v e n i n Tab le 3 . M o s t so i ls h a v e c lay r i c h i n c a l c i u m , a n d are eas i l y
t i l l e d . Loess so i l s h a v e h i g h w a t e r - h o l d i n g c a p a c i t y . T h e a m o u n t o f s t o red w a t e r
i n t h e 2.0 m d e p t h i s 450 m m ( w h e n the m a x i m u m f i e l d capac i t y i s 28%) . T h e
m e d i u m - f e r t i l i t y so i ls are su i t ab le f o r g r o u n d n u t c u l t i v a t i o n .
A n a n a l y s i s o f t h e so i l s i n the r e g i o n i nd i ca tes t ha t so i ls i n 80-90% area o f t he
loess p l a t e a u , 60 -80% o f eas te rn G u a n z o n g p l a i n , a n d 40-80% o f w e s t e r n
G u a n z h o n g are su i t ab l e f o r g r o u n d n u t c u l t i v a t i o n .
Radiation resources
G r o u n d n u t r equ i r es h i g h l i g h t i n t e n s i t y f o r g r o w t h . A b u n d a n t l i g h t r a d i a t i o n a n d
a d e q u a t e t e m p e r a t u r e s are bene f i c ia l t o the a c c u m u l a t i o n o f p l a n t p h o t o s y n t h a t e s .
I n c o m p a r i s o n w i t h g r o u n d n u t i n S h a n d o n g P r o v i n c e , the m a i n s t e m o f
g r o u n d n u t p l a n t s i n M i z h i c o u n t y o f Shaan Ben h a v e f e w e r leaves, a n d the p l a n t
h e i g h t i s 15.25 c m sho r te r t h a n t ha t i n S h a n d o n g , s o tha t the p l a n t g r o w t h i s
h e a l t h y a n d n o t p r o n e t o l o d g i n g , a n d s i m i l a r h i g h y i e l d s c a n b e o b t a i n e d . T h e
loess p l a t e a u i s a h i g h l i g h t r a d i a t i o n r e g i o n , 7-15% m o r e t h a n i n the sou theas t
r e g i o n a l o n g t he coast. T h e d u r a t i o n o f sunsh ine i s b e t w e e n 1195.1 a n d 1598.4
h o u r s d u r i n g the g r o w i n g season ( A p r - S e p ) , the to ta l l i g h t r a d i a t i o n i s 74.15-93.16
K c a l c m - 2 , a n d t he p o t e n t i a l p r o d u c t i v i t y is 8.4 t ha - 1 (See Table 4) .
These m e a s u r e m e n t i n d i c a t e tha t there i s a greater p o t e n t i a l f o r h i g h y i e l d s
w h e r e the re are h i g h e r leve ls o f r a d i a t i o n .
Tolerance of G r o u n d n u t to Ab io t ic Factors
U n d e r the a d v e r s e eco log i ca l c o n d i t i o n s o f the loess p l a t e a u , g r o u n d n u t has
s h o w n to l e rance t o d r o u g h t , reduces r u n o f f a n d so i l loss, a n d i s less a f fec ted b y
ha i l s tones . I r o n d e f i c i e n c y s y m p t o m s are c lea r l y v i s i b l e i n so i ls o f p H 8.5 i n t he
loess p l a t e a u . H o w e v e r , a p p l i c a t i o n o f o rgan i c m a n u r e u s u a l l y o v e r c o m e s th i s
p r o b l e m .
T h e G r o u n d n u t S o w i n g R e g i o n D e l i m i t a t i o n
in the Loess P la teau o f Shaanxi Province
Resu l t s o f c o m p r e h e n s i v e e v a l u a t i o n s i n d i c a t e the b o u n d a r i e s f o r g r o u n d n u t
s o w i n g i n t h e loess p l a t e a u o f Shaanx i P r o v i n c e . T h i s i s s h o w n i n F i g u r e 1 .
T h e t o t a l area i n t h e loess p l a t e a u o f the n o r t h e r n Q i n L i n g M o u n t a i n s i s a b o u t
135 654 k m 2 , a n d 61.7% o f the area i s s u i t e d t o s o w i n g g r o u n d n u t , a p p r o x i m a t e l y
8 3 700 k m 2 . T h i s i s 8 5 % o f t he a rab le l a n d u s e d fo r c r o p p i n g .
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T a b l e 4 . R a d i a t i o n a n d its effects on po ten t ia l p roduct iv i ty in some count ies
o f the loess p l a t e a u , C h i n a .
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G r o u n d n u t cu l t i va t ion a n d practices
P r e l i m i n a r y observat ions o n g r o u n d n u t g r o w t h . C o m p a r i s o n s w e r e m a d e
b e t w e e n e x p e r i m e n t s i n o p e n l a n d a n d u n d e r p o l y t h e n e m u l c h c o v e r i n g i n Q u a n
v i l l a g e , H e Y a n g c o u n t y o f W e i B e n i n 1984, u s i n g the v a r i e t y X u z h o u 68-4 (150
d a y s d u r a t i o n ) . D u r i n g t he g r o w i n g season, t he t e m p e r a t u r e s u m m a t i o n ( 1 2 o C i n
t h e o p e n c u l t i v a t i o n w a s 2983°C, a n d t he t e m p e r a t u r e s u m m a t i o n m e a s u r e d 5 c m
b e l o w t h e su r face i n the p o l y t h e n e m u l c h c u l t i v a t i o n w a s a s h i g h a s 3287oC, 304 o C
h i g h e r t h a n i n t h e o p e n l a n d . T h e y i e l d i n t he o p e n c o n d i t i o n s w a s 3660 k g h a - 1
c o m p a r e d w i t h 5059 k g h a - 1 u n d e r t h e p o l y t h e n e m u l c h c u l t i v a t i o n , 3 8 % h i g h e r
t h a n t h e o p e n l a n d (Table 5) . T h e y i e l d p e r p l a n t w a s 3 0 % h i g h e r t h a n i n
t h e o p e n l a n d , a n d t h e f i l l e d p o d a n d g r o u n d n u t seed y i e l d s w e r e 2 6 % a n d 3.5%
h i g h e r t h a n i n t h e o p e n l a n d . These resu l ts s h o w e d the p o l y t h e n e m u l c h
t e c h n i q u e w a s a k e y fac to r i n i n c r e a s i n g the g r o u n d n u t p r o d u c t i v i t y i n t he r e g i o n
w h e r e 12 o C t e m p e r a t u r e s u m m a t i o n sat isf ies the r e q u i r e m e n t s f o r g r o u n d n u t
g r o w t h i n t h e loess p l a t e a u .
I n 1984, p a r a m e t e r s o f g r o u n d n u t g r o w t h u n d e r t he p o l y t h e n e m u l c h t e c h n i q u e
i n d i f f e r e n t c o u n t i e s o f t h e loess p l a t e a u w e r e c o m p a r e d , a n d t h e resu l t s a r e
p r e s e n t e d i n Tab le 6 . R a d i a t i o n i n tens i t y , t e m p e r a t u r e , a n d e v a p o r a t i o n i nc reased
a s o n e m o v e d f r o m s o u t h t o n o r t h . T h e h e i g h t o f t h e p l a n t s , a n d the n u m b e r o f
b r a n c h e s w e r e r e d u c e d a s o n e m o v e d f r o m s o u t h t o n o r t h , b u t t he e c o n o m i c
coe f f i c i en t s o f g r o u n d n u t p r o d u c t i o n p rog ress i ve l y i m p r o v e d .
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F i g u r e 1 . T h e b o u n d a r i e s fo r g r o u n d n u t c u l t i v a t i o n i n t h e l o e s s p l a t e a u o f S h a a n x i
P r o v i n c e , C h i n a .
1. Shaan Ben
1a. Eastern area suitable for medium-durat ion groundnut.
1b. Central area suitable for short-duration groundnut.
1c. Western area suitable for variet ies tolerant of low temperatures.
2. We i Ben
2a. Area suitable for three crops in two years.
2b. Area suitable for spring sowing and autumn harvest.
2c. Area suitable for variet ies tolerant of low temperatures.
2d . Area on the northern s lopes of Qin Ling mountains.
3. Area irr igated on Guan Zhong f lat lands.
4. Area cult ivated on the Qin Ling mountains.
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T a b l e 5 . C o m p a r i s o n o f temperature summat ions fo r g r o u n d n u t g r o w t h i n
o p e n cond i t ions a n d u n d e r p o l y t h e n e m u l c h i n g , W e i B e n , S h a a n x i , C h i n a .
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G r o u n d n u t c u l t u r a l p rac t i ces : Research o n the g r o u n d n u t ecoresources i n t he
loess p l a t e a u d u r i n g 1983-1984 has resu l t ed i n the g r o u n d n u t s o w i n g r e g i o n l i m i t s
b e i n g d e f i n e d a n d the area s u i t e d t o g r o u n d n u t d e v e l o p m e n t b e i n g spec i f i ed , s o
tha t h i g h e r e c o n o m i c r e t u r n s h a v e been ach ieved o n a r e g i o n a l basis. G r o u n d n u t
c u l t u r a l t e c h n i q u e s i n the loess p l a t e a u h a v e been w i d e l y e x t e n d e d t o f a r m e r s
w i t h t h e s u p p o r t o f t he g o v e r n m e n t . C o m p a r e d w i t h 1979-1983, t h e area o f
g r o u n d n u t p r o d u c t i o n o f S h a a n x i P r o v i n c e has inc reased b y 4 t i m e s i n 1984-88,
a n d t h e y i e l d has inc reased b y 52%. These are grea t d e v e l o p m e n t s i n g r o u n d n u t
p r o d u c t i o n i n S h a a n x i P r o v i n c e .
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The Occurrence and Control of Diseases, Insects;
Weeds, and Rodents of Groundnut in China
Song Xiesong and Dong Weibo1
Abstract
D i s t r i b u t i o n , d a m a g e , i n c i d e n c e , c o n t r o l , a n d p resen t research s ta tus o f d iseases,
insec ts , w e e d s , a n d r o d e n t s a s g r o u n d n u t pests i n C h i n a are r e v i e w e d . E f fec t i ve
m a n a g e m e n t s t ra teg ies h a v e b e e n d e v e l o p e d fo r the m a j o r cons t ra in ts . Based o n
t h e fac to rs l i m i t i n g g r o u n d n u t p r o d u c t i o n , t en ta t i ve p roposa l s f o r f u t u r e research
are s u g g e s t e d .
Causes of Economic Losses in G r o u n d n u t Product ion
A n u m b e r o f d iseases, insects , n e m a t o d e s , a n d roden ts af fect g r o u n d n u t i n C h i n a ,
a n d cause severe e c o n o m i c losses. U n t i l the 1950s, ne i the r the d i s t r i b u t i o n n o r
y i e l d losses caused b y these y i e l d reducers w a s k n o w n , let a lone s tud ies o n the
p a t h o g e n s , t he i r occu r rence , a n d c o n t r o l m e t h o d s . Since tha t t i m e the S h a n d o n g
P e a n u t Research I n s t i t u t e , i n c o o p e r a t i o n w i t h s o m e o f the p r o v i n c i a l u n i v e r s i t i e s
a n d e x t e n s i o n serv ices , has c o n d u c t e d ex tens ive s u r v e y s o n the d i s t r i b u t i o n o f
m a j o r pes ts a n d y i e l d losses r e s u l t i n g f r o m the i r a c t i v i t y (Table 1).
M o r e t h a n 5 0 p a t h o g e n s c a u s i n g diseases i n g r o u n d n u t h a v e b e e n r e p o r t e d i n
C h i n a . M a j o r g r o u n d n u t diseases are g i v e n i n Table 2 . I n the pas t th ree decades
c o n t r o l s t ra teg ies w e r e f o r m u l a t e d a n d s t u d i e d a n d some p rogress has b e e n m a d e
( S o n g 1990a, S o n g e t a l . 1994, W a n g 1983, X u e t a l . 1992, a n d X u 1991). W i t h f e w
e x c e p t i o n s , a l l i m p o r t a n t insect pests a n d diseases can n o w b e e f fec t i ve l y
c o n t r o l l e d t o r e d u c e o r a v o i d d a m a g e t o g r o u n d n u t .
M o r e t h a n 6 0 species o f insects h a v e been r e p o r t e d o n g r o u n d n u t . I m p o r t a n t
ones are w h i t e g r u b s (Holotrichia oblita Faldermann, H. morosa Waterhouse, Anomala 
corpulenta Motschulsky), w i r e w o r m (Pleonomus canaliculatus Fald), fa lse
1. Shandong Peanut Research Institute, Laixi, Shandong 266601, China.
Song Xiesong and Dong Weibo. 1996. The occurrence and control of diseases, insects, weeds, and rodents of
groundnut in China. (In En. Summary in Ch.) Pages 233-238 in Achieving high groundnut yields: proceedings of an
international workshop, 25-29 Aug 1995, Laixi City, Shandong, China (Renard, C., Gowda, C.L.L., Nigam, S.N., and
Johansen, C. eds.). Patancheru 502 324, Andhra Pradesh, India: International Crops Research Institute for the Semi-
Ar id Tropics.
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T a b l e 1 . M a j o r pests a n d diseases a n d the i r d a m a g e t o g r o u n d n u t i n C h i n a .
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Tab le 2 . M a j o r diseases o f g r o u n d n u t in C h i n a .
Diseases
N e m a t o d e d isease
R o o t k n o t
Bac te r i a l d isease
B a c t e r i a l w i l t
F u n g a l d iseases
e a r l y lea f s p o t
l a te l ea f s p o t
w e b b l o t c h
s t e m r o t
b l a c k m o l d ( co l l a r r o t )
r u s t
V i r u s d iseases
M y c o p l a s m a s
W i t c h ' s b r o o m
Pa thogens
Meloidogyne hapla Chitwood
M. arenaria (Neal) Chitwood
Pseudomonas solanacearum 




Aspergillus niger Van Tiegh
Puccinia arachidis Spey
P e a n u t s t r i p e v i r u s (PStV)
C u c u m b e r m o s a i c v i r u s - C h i n a
A r a c h i s ( C M V - C A )
P e a n u t s t u n t v i r u s (PSV)
M y c o p l a s m a - l i k e o r g a n i s m ( M L O )
234
w i r e w o r m (Opatrum subaratum Fald), a p h i d s (Aphis craccivora Koch), t h r i p s
(Taeniothrips distalis Karny), m i t e (Tetranychus bimaculatus Harvey), lea f eaters
[Helicoverpa armigera (Hubner), Spodoptera litura (Fabricius)], a n d g r o u n d n u t lea f
m i n e r or s u r a l (Stomoperyx subsecivella Zell).
O v e r 8 0 species o f w e e d s h a v e b e e n f o u n d i n g r o u n d n u t f i e lds i n C h i n a ,
i n c l u d i n g Digitaria adscendens (HBR) Henr., Eleusine indica (L.) Gaertn, Chenopodium 
album L., Amaranthus viridis L., Portulaca oleracea L., Acalypha indica L., a n d Cyperus 
rotundus L.
I n a d d i t i o n , the re are m a n y r o d e n t s w h i c h d a m a g e g r o u n d n u t i n t h e f i e l d .
Cont ro l of the M a j o r Pests
G e n e r a l l y , o n e o r seve ra l species o f pests are d o m i n a n t i n t he same f i e l d , o r i n a n
area , o r a t a p a r t i c u l a r g r o w t h stage. H e n c e , a t a n y stage o f g r o u n d n u t g r o w t h ,
c o n t r o l m e a s u r e s s h o u l d b e d i r e c t e d aga ins t t he m a j o r ones. B u t o t h e r pests w h i c h
o c c u r s i m u l t a n e o u s l y s h o u l d a lso b e cons ide red . A p p l i c a t i o n o f s u c h s t ra teg ies
has m a n y a d v a n t a g e s , s u c h a s r e d u c i n g the use o f chemica ls , r e d u c i n g i n p u t costs,
a n d d e c r e a s i n g e n v i r o n m e n t a l p o l l u t i o n . Subs tan t i a l e c o n o m i c bene f i t has b e e n
o b t a i n e d b y u s i n g s u c h s t ra teg ies i n the last f e w years.
C o n t r o l measu res o f s o m e pests w h i c h are w i d e l y d i s t r i b u t e d a n d cause
s e r i o u s d a m a g e are as f o l l o w s .
C o n t r o l o f w h i t e grubs
I n t he m i d - 1 9 7 0 s , g r u b s w e r e e p i d e m i c i n C h i n a (Song 1990a). I n S h a n d o n g
P r o v i n c e a l o n e t he a f fec ted area w a s 300 000 h a , a m o u n t i n g t o 76 .4% o f t h e area
u n d e r g r o u n d n u t . T h e p o d losses caused b y g r u b s reached 0.1 m i l l i o n t p o d s
a n n u a l l y . I n o r d e r t o d e v e l o p e f fec t i ve measures t o c o n t r o l t h i s pes t , m a n y
i n s t i t u t e s c o o p e r a t e d i n research , a n d r a p i d p rogress w a s m a d e (Song a n d Q i
1982, S o n g 1990a). O n t he o n e h a n d , a c t i o n th resho lds w e r e p u t f o r w a r d ( i .e. , a t
s e e d l i n g s tage o f g r o u n d n u t , 2 t h i r d - s tage l a rvae pe r square me te r ; w h i l e a t
g r o w i n g p e r i o d 5 eggs p e r squa re m e t e r ) f o r c o n t r o l measures t o b e t a k e n . O n t he
o t h e r h a n d , cha fe rs (beet les) w e r e cons ide red a s the m a i n c o n t r o l ta rge t . T h e
m e t h o d s i n c l u d e d : c o v e r i n g seeds w i t h c a r b o f u r a n (Fu radan®) , 812, o r a l d i c a r b
( T e m i k ® ) ) a t s o w i n g , a n d a p p l y i n g these c h e m i c a l s o n the t o p s o i l o f t he
r h i z o s p h e r e a t t h e g r o w t h stage. G r u b s can b e c o n t r o l l e d e f fec t i ve l y d u r i n g the
c r o p p e r i o d o f g r o u n d n u t b y these measures . O t h e r pests w h i c h occu r a t t h e s a m e
p e r i o d , s u c h as w i r e w o r m s (Ploenomus canaliculatus), fa lse w i r e w o r m s (Opartrum 
subaratum), a p h i d s (Aphis craccivora), a n d t h r i p s (Taeniothrips distalis), c a n a lso be
c o n t r o l l e d .
I n a d d i t i o n , o t h e r measu res , s u c h a s c r o p r o t a t i o n , a n d a p p l i c a t i o n o f n a t u r a l
e n e m i e s o f g r u b s , a re u s e f u l a g r i c u l t u r a l p rac t i ces (Song a n d Q i 1982).
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C o n t r o l o f A p h i d s , B o l l w o r m , a n d G r o u n d n u t S u r a l
Aphis craccivora i s w i d e l y d i s t r i b u t e d o n g r o u n d n u t i n C h i n a . I t n o t o n l y d a m a g e s
g r o u n d n u t d i r ec t l y , b u t i s a lso a v e c t o r o f s o m e g r o u n d n u t v i r u s diseases. T h u s , i t
s h o u l d b e c o n t r o l l e d i n t i m e . A l t h o u g h the e c o n o m i c t h r e s h o l d i s 1000 a p h i d s p e r
h u n d r e d h i l l s , a p p l y i n g c h e m i c a l s p r i o r t o occu r rence o f t he insec t t o p r o t e c t
p l a n t s f r o m v i r u s d iseases i s des i r ab le . T h e c o n t r o l m e t h o d s i n c l u d e c o v e r i n g seed
w i t h 812 ( d i m e t h o a t e ) , p a c k a g i n g seed w i t h seed -d ress ing insec t i c ides , a n d
s p r a y i n g p i r i c a r b o r d i m e t h o a t e . These t r ea tmen ts a lso h a v e a n ef fect o n t h r i p s ,
a n d m i t e s . I n a d d i t i o n , n a t u r a l enem ies s u c h a s l a d y b u g , g r e e n l a c e w i n g s , a n d
Bracon chinensis s h o u l d be e n c o u r a g e d a n d u s e d to c o n t r o l a p h i d s .
B o l l w o r m (Helicoverpa armigera) i s m a i n l y d i s t r i b u t e d i n n o r t h e r n C h i n a , w h i l e
g r o u n d n u t s u r a l m a i n l y occu rs i n t he s o u t h . B o t h o f t h e m c a n cause se r i ous
d a m a g e t o g r o u n d n u t . E c o n o m i c a n d e f fec t i ve c o n t r o l c a n b e o b t a i n e d b y u s i n g
p h o x i m , p a r a t h i o n (1605®), a n d m e t h o m y l w h e n t h e pes t p o p u l a t i o n dens i t i es are
o v e r 4 0 o n 100 h i l l s . These insec t i c i des s h o u l d b e a p p l i e d a l t e r n a t e l y t o a v o i d
i n s e c t i c i d e res is tance , a n d c h e m i c a l s s h o u l d b e u s e d a t t he e a r l y s tage o f t he pes t
d e v e l o p m e n t . S p r a y i n g s u c h c h e m i c a l s a lso c a n c o n t r o l o t h e r l e a f - f e e d i n g pests .
C o n t r o l o f roo t -kno t nematodes
I n C h i n a , t h e m a j o r n e m a t o d e s k n o w n t o d a m a g e g r o u n d n u t are g r o u n d n u t r o o t -
k n o t n e m a t o d e (Meloidogyne armaria) a n d n o r t h e r n r o o t - k n o t n e m a t o d e ( M . hapla). 
M . hapla p r i m a r i l y o c c u r s i n the n o r t h e r n g r o u n d n u t - g r o w i n g areas, i n c l u d i n g
S h a n d o n g , H e b e i , a n d L i a o n i n g (Song 1990b), w h i l e M . arenaria i s m a i n l y
d i s t r i b u t e d i n t h e s o u t h e r n g r o u n d n u t - p r o d u c i n g areas, i n c l u d i n g G u a n g d o n g ,
G u a n g x i , a n d F u j i a n . T h e area i n f e c t e d b y t he t w o species o f n e m a t o d e s m a y
exceed 2 5 % o f t h e t o t a l area o f g r o u n d n u t .
R o o t - k n o t n e m a t o d e i s a se r i ous d isease w h i c h m a y e v e n l ead t o c r o p f a i l u r e .
T h e c o n t r o l m e a s u r e s o f t h i s d isease are: (1) r o t a t i n g w i t h n o n h o s t c rops o f M .
hapla o r M . arenaria; (2) d e e p t i l l a g e a n d u s i n g m o r e o r g a n i c m a n u r e ; (3) a p p l y i n g
c h e m i c a l s , s u c h a s T e m i k ® (a l d i ca rb ) a n d N e m a c u r ® ( f e n a m i p h o s ) , w h e n the
n e m a t o d e p o p u l a t i o n dens i t i e s are o v e r t he e c o n o m i c t h r e s h o l d (31.14 i n f e c t i v e
l a r v a e a n d eggs p e r kg o f so i l ) o f M . hapla, o r a p p l y i n g s o m e insec t i c ides , s u c h as
i s o f e n p h o s - m e t h y l , t o l ess - i n fec ted f i e l ds ( S o n g e t a l . 1994). A p p l i c a t i o n o f these
c h e m i c a l s c a n a lso c o n t r o l g r u b s , a p h i d s , w i r e w o r m , a n d v i r u s d iseases w h i c h
o c c u r a t t he s e e d l i n g s tage o f g r o u n d n u t .
C o n t r o l o f l ea f spots
T h e r e a re s e v e r a l l ea f d iseases t h a t d a m a g e g r o u n d n u t t h r o u g h o u t C h i n a . These
i n c l u d e e a r l y l ea f s p o t , la te lea f s p o t , a n d w e b b l o t c h . S ince t he 1980s, m e a s u r e s
h a v e b e e n t a k e n t o c o n t r o l l ea f s p o t d iseases. T h e c o n t r o l m e t h o d s a re ; (1) d e e p
t i l l a g e , m u l c h i n g , a n d s p r a y i n g f u n g i c i d e s a n d h e r b i c i d e s t o e l i m i n a t e t he
p r i m a r y i n f e c t i o n sou rces ; (2) r o t a t i n g w i t h s w e e t p o t a t o , m a i z e , o r w h e a t ; (3)
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s p r a y i n g c a r b e n d a z i m , c h l o r o t h a l o n i l , z i n e b , m a n c o z e b , a n d Baycor® t o c o n t r o l
t h e p a t h o g e n s . M o s t o f these f u n g i c i d e s c a n e f fec t i ve l y c o n t r o l e a r l y lea f s p o t a n d
la te lea f s p o t , w h i l e o n l y Bayco r® a n d m a n c o z e b are e f fec t i ve o n w e b b l o t c h .
S p r a y i n g p r o t e c t i v e f u n g i c i d e s s u c h a s B o r d e a u x m i x t u r e ® p u n c t u a l l y c a n l ead t o
e f f ec t i ve c o n t r o l o f lea f spo ts a n d s i g n i f i c a n t y i e l d increase ( X u e t a l . 1995).
C o n t r o l of v i rus diseases
V i r u s d iseases o c c u r i n e v e r y g r o u n d n u t - p r o d u c i n g area o f C h i n a ( Z h a n g e t a l
1989). I n g e n e r a l , m o r e t h a n o n e v i r u s d isease occurs i n a n area, e v e n o n t he s a m e
p l a n t . C o n t i n u o u s d r y spe l l s a n d a p h i d s h a v e caused v i r u s d isease e p i d e m i c s i n
1976 a n d 1986 i n s o m e n o r t h e r n g r o u n d n u t - p r o d u c i n g areas. T h e c o n t r o l
m e a s u r e s ( X u 1991) i n c l u d e ; (1) e s t a b l i s h i n g v i r u s - f r e e seed m u l t i p l i c a t i o n f i e lds
a n d p l a n t i n g v i r u s - f r e e seed t o e l i m i n a t e p r i m a r y i n f e c t i o n sources ; (2) c o n t r o l l i n g
insec t vec to r s , s u c h a s a p h i d s a n d t h r i p s .
C o n t r o l o f bacter ia l w i l t
G r o u n d n u t bac te r i a l w i l t d isease caused by Pseudomonas solanacearum m a i n l y
o c c u r s i n t he s o u t h e r n g r o u n d n u t - p r o d u c i n g area. H o w e v e r , i t c an b e f o u n d i n
s o m e n o r t h e r n p r o v i n c e s also ( W a n g 1983). I n s o m e years , th i s d isease m a y cause
severe d a m a g e t o g r o u n d n u t , a s there are n o e f fec t i ve chem ica l s t o c o n t r o l i t . B u t
c o n t r o l c a n b e o b t a i n e d b y the f o l l o w i n g measures : (1) r o t a t i n g w i t h r i ce i n
s o u t h e r n C h i n a , o r w i t h swee t p o t a t o , m a i z e a n d w h e a t i n n o r t h e r n C h i n a ; a n d (2)
c u l t i v a t i o n o f res is tan t c u l t i v a r s , s u c h as L u h u a 3 a n d Y u e y o u 256.
C o n t r o l o f rust
G r o u n d n u t r u s t d isease caused by Puccinia arachidis a lso occurs m a i n l y i n the
s o u t h e r n g r o u n d n u t - p r o d u c i n g areas. C o n t r o l can b e o b t a i n e d b y : (1) r e d u c t i o n o f
i n o c u l u m , i n c l u d i n g e r a d i c a t i o n o f v o l u n t e e r p l a n t s be fo re s o w i n g g r o u n d n u t ,
a n d b u r n i n g p l a n t d e b r i s a f te r h a r v e s t i n g o f g r o u n d n u t ; (2) ea r l y s o w i n g a n d
e a r l y h a r v e s t i n g o f s p r i n g g r o u n d n u t , a n d la te s o w i n g o f a u t u m n g r o u n d n u t t o
a v o i d t he s e r i o u s a t tacks by P . arachidis i n the r a i n y season; (3) g r o w i n g res is tant
c u l t i v a r s , s u c h a s Y u e y o u 5 5 1 , Y u e y o u 22, S h a n y o u 523, a n d E n h u a 1 ; (4) s p r a y i n g
f u n g i c i d e s , s u c h a s z i n e b , m a n c o z e b , c h l o r o t h a l o n i l a n d s o d i u m -
p - a m i n o b e n z e n u l f o n a t e .
C o n t r o l o f weeds
U n t i l t h e 1970s t he o n l y w a y t o r e m o v e w e e d s i n g r o u n d n u t f i e lds i n C h i n a w a s t o
p u l l t h e m b y h a n d o r t o u p r o o t t h e m b y hoe . E l i m i n a t i n g w e e d s b y h a n d o r hoe
n e e d s m u c h labor , b u t i s n o t v e r y e f fec t i ve i n the r a i n y season. W i t h the
d e v e l o p m e n t o f p o l y t h e n e m u l c h t echn iques o n g r o u n d n u t f i e lds , c h e m i c a l
c o n t r o l o f w e e d s w a s d e v e l o p e d . M a n y he rb i c i des n o t o n l y c a n b e u s e d o n
m u l c h e d f i e l d s , b u t a lso o n u n m u l c h e d f i e l d s . A s w e l l a s u s i n g he rb i c i des be fo re
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e m e r g e n c e , s o m e c a n b e u s e d a f te r seed l i ngs e m e r g e . M a n y he rb i c i des , s u c h a s
m e t a l o c h l o r ( D u a l ® ) , a l a c h l o r (Lasso®), ace toch lo r (Acen i t® ) , o x a d i a z o n
(Rons ta r® ) , a n d h a l o x u f o p - e t h o x y e t h y l (Ga l l an t®) c a n b e a p p l i e d t o c o n t r o l
w e e d s . H o w e v e r , t h e i r se l ec t i on s h o u l d b e b a s e d o n t h e species, p o p u l a t i o n o f
w e e d s , a n d e n v i r o n m e n t a l c o n d i t i o n s , t o h a v e t h e d e s i r e d l e v e l o f c o n t r o l .
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Summary of Comprehensive Techniques of High-yield
Cultivation of Groundnut in Laixi Municipal i ty
Zhang Wei , Wang L i fu , and Wang Huasong1
Abstract
Since t h e 1980s, the p e r u n i t area y i e l d o f g r o u n d n u t i n L a i x i m u n i c i p a l i t y has
inc reased s i g n i f i c a n t l y as a r esu l t o f a d o p t i n g c o m p r e h e n s i v e t echn iques f o r h i g h -
y i e l d c u l t i v a t i o n , i n c l u d i n g r a t i o n a l r o t a t i o n , p o l y t h e n e m u l c h i n g , d e v e l o p m e n t
o f i m p r o v e d va r i e t i es , a p p r o p r i a t e f e r t i l i ze rs , i m p r o v e d m a n a g e m e n t t r i a l s , a n d
e x t e n s i o n . D u r i n g 1986 t o 1994, the ave rage y i e l d w a s 3.97 t ha - 1 , 7 0 % h i g h e r t h a n
d u r i n g 1974 to 1985, a n d t he t o ta l a n n u a l o u t p u t has inc reased to 360 000 t . T h e
m a i n t e c h n i q u e s , a n d t he bene f i t s o f t he i r a d o p t i o n are d i scussed .
I n t roduc t ion
L a i x i c i t y i s l o c a t e d i n t h e cen te r o f Jiao D o n g p e n i n s u l a o f S h a n d o n g P r o v i n c e .
T h e t o t a l p o p u l a t i o n i s a b o u t 710 000 a n d t o t a l c u l t i v a t e d l a n d area o f the c i t y i s
a b o u t 6 9 400 ha . S o p e r cap i t a l a n d i s a b o u t 0 1 ha . T h e c u m u l a t i v e a n n u a l
t e m p e r a t u r e i s a b o u t 3947.3°C w i t h a f ros t f ree season o f a b o u t 180-200 days . T h e
m e a n a n n u a l p r e c i p i t a t i o n i s 732 m m , m o s t o f w h i c h fa l ls i n J u l y a n d A u g u s t .
G r o u n d n u t i s o n e o f the m o s t i m p o r t a n t o i l a n d e c o n o m i c c rops i n L a i x i w i t h a n
a n n u a l a v e r a g e c u l t i v a t e d area o f a p p r o x i m a t e l y 2 6 000 h a , w h i c h accoun ts f o r
a b o u t 3 3 % o f the t o t a l c u l t i v a t e d area o f L a i x i .
Be fo re t h e 1980s t h e ave rage u n i t o u t p u t o f g r o u n d n u t w a s a r o u n d 2.25 t ha - 1
because o f t h e t r a d i t i o n a l c u l t i v a t i o n sys tems a n d s o m e e c o n o m i c fac tors . S ince
1980, u n d e r t h e d i r e c t i o n o f t he P e a n u t Research I n s t i t u t e o f S h a n d o n g a n d
t h r o u g h t h e p o p u l a r i z a t i o n o f a ser ies o f c o m p r e h e n s i v e h i g h - y i e l d c u l t i v a t i o n
1. Agriculture Committee, Laixi Municipality, Shandong 266600, China.
Zhang Wei, Wang Lifu, and Wang Huasong, 1996. Summary of comprehensive techniques for high-yield cultivation
of groundnut in Laixi Municipality. (In En. Summary in Ch.) Pages 239-246 in Achieving high groundnut yields;
proceedings of an international workshop, 25-29 Aug 1995, Laixi City, Shandong, Nigam, S.N., and Johansen, C. eds.).
Patancheru 502 324, Andhra Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics.
t e c h n o l o g i e s , t h e u n i t p r o d u c t i o n a n d t he t o t a l g r o u n d n u t o u t p u t b o t h i nc reased
g rea t l y , espec ia l l y f r o m 1985 t o 1994. T h e m e a n a n n u a l g r o u n d n u t y i e l d r eached
3.97 t h a - 1 , w h i c h w a s a b o u t 70 .5% h i g h e r t h a n t h a t d u r i n g 1974-1985. I n 1994 the
a v e r a g e y i e l d w a s u p t o 4.45 t h a - 1 , w h i c h w a s a b o u t 653 k g h a - 1 h i g h e r t h a n t ha t
o f 1990.
T h i s p a p e r r e p o r t s o n h o w these i m p r o v e m e n t s h a v e b e e n m a d e i n recen t years
i n L a i x i c o u n t y .
T h e Estab l ishment o f W h e a t - G r o u n d n u t Rotat ion Systems
T h e Status Before the I n t r o d u c t i o n o f Rota t ion
Be fo re t h e 1980s, t h e a n n u a l c o n t i n u o u s c r o p p i n g area o f g r o u n d n u t i n L a i x i w a s
a b o u t 1 3 000 h a , a n d t h a t o f t he w h e a t - m a i z e c u l t i v a t i o n s y s t e m a b o u t 2 3 000 ha .
T h e r e w a s a g r a d u a l decrease i n g r o u n d n u t o u t p u t d u e t o c o n t i n u o u s c r o p p i n g
a n d t h e s p r e a d of w h e a t t ake -a l l d isease (Gaeumannomyces graminis Sace).
A c c o r d i n g t o s u r v e y s i n 1985, the area o f w h e a t a f fec ted b y t ake -a l l d isease w a s
u p t o 7100 h a , w h i c h r e s u l t e d i n a decrease o f w h e a t g r a i n o u t p u t o f a b o u t 4500 t .
I n a d d i t i o n , u n d e r c o n d i t i o n s o f c o n t i n u o u s c r o p p i n g o f g r o u n d n u t f o r t w o years ,
t h e o u t p u t d e c l i n e d b y a b o u t 1 0 % , a n d w i t h th ree years so le c r o p p i n g , b y a b o u t
20 -30%. A s a r esu l t , t h e a n n u a l decrease o f g r o u n d n u t o u t p u t i n L a i x i w a s u p t o
60 000 t. 
T h e Es tab l i shment a n d Popu la r i za t ion o f G r o u n d n u t - W h e a t Rota t ion
T h e e s t a b l i s h m e n t a n d p o p u l a r i z a t i o n of a crop ro ta t ion system of three crops
i n t w o years: s p r i n g g r o u n d n u t - w i n t e r w h e a t - a u t u m n m a i z e .
I n 1980 t h e i n t r o d u c t i o n o f c r o p r o t a t i o n w a s d o n e i n a b o u t 2.4 h a f i e l ds i n B iao
Z h u a n g v i l l a g e o f S h u i j i t o w n , w h e r e w h e a t t ake -a l l d isease h a d h a d a se r i ous
i m p a c t
T h e resu l t s s h o w e d t h a t t he m e a n u n i t o u t p u t o f w h e a t s o w n i n the f i e l ds
w h e r e g r o u n d n u t h a d b e e n g r o w n c o n t i n u o u s l y reached 5831 k g h a - 1 , a n d the re
w a s n o t a k e - a l l d isease i n w h e a t g r o w n a f te r g r o u n d n u t c u l t i v a t i o n . T h i s r e s u l t e d
i n t h e w h e a t o u t p u t b e i n g a b o u t 2200 k g h a - 1 h i g h e r t h a n i t h a d been a f te r m a i z e
(Table 1).
T h e r e f o r e , s i nce 1985, p e a n u t - w h e a t - m a i z e c r o p r o t a t i o n o v e r t w o years has
b e e n e n c o u r a g e d o v e r l a r g e r areas. I n 1986 a b o u t 12 400 ha c h a n g e d t o t h i s
c r o p p i n g s y s t e m a n d i n 1987 t h e area i nc reased t o 1 3 667 h a . B y 1990 the c r o p p i n g
s y s t e m s o f s p r i n g g r o u n d n u t - w i n t e r w h e a t - s u m m e r m a i z e ( th ree c r o p s i n t w o
years ) a n d w i n t e r w h e a t - s u m m e r g r o u n d n u t r e l a y - c r o p p i n g ( t w o c r o p s a yea r )
w e r e p r a c t i c e d i n 2 4 000 h a a n d t h e w h e a t t ake -a l l d isease w a s g e n e r a l l y a lso
u n d e r c o n t r o l . T h e p r o d u c t i v i t y o f g r o u n d n u t , w h e a t a n d m a i z e a l l i n c reased
g r e a t l y .
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T a b l e 1 . Ef fect o f d i f f e ren t crop rotat ions on the ou tpu t o f w h e a t ( k g ha - 1 ) i n
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Introduction and popularization of relay-cropping
of wheat-groundnut wi th polythene mulching.
I n o r d e r t o so l ve the c o m p e t i t i o n f o r c u l t i v a t e d l a n d b e t w e e n w h e a t a n d
g r o u n d n u t , a n d the l i m i t a t i o n s i m p o s e d b y l i g h t a n d hea t i n s u m m e r g r o u n d n u t
c u l t i v a t i o n , the p o p u l a r i z a t i o n o f w h e a t - g r o u n d n u t r e l a y - c r o p p i n g w i t h
p o l y t h e n e m u l c h c u l t i v a t i o n s y s t e m has b e e n c a r r i e d o u t i n D i a n B u t o w n s ince
1990. T h e resu l t s s h o w e d tha t the ave rage u n i t o u t p u t o f w h e a t w a s a b o u t 4758 k g
h a - 1 , t ha t o f g r o u n d n u t , a b o u t 3304 k g ha - 1 . T h e ne t i n c o m e w a s a b o u t 9128 y u a n
h a - 1 , a b o u t 2024 y u a n ha - 1 h i g h e r t h a n t h a t be fo re the u t i l i z a t i o n o f the s y s t e m
(Table 2) .
A d o p t i o n o f the Polythene M u l c h Cover ing Technique
Since t h e t e c h n i q u e o f p o l y t h e n e m u l c h i n g c o u l d increase the so i l t e m p e r a t u r e ,
p r e v e n t s o i l w a t e r e v a p o r a t i o n , p r o t e c t t he so i l s t r u c t u r e , p r o m o t e the a c t i v i t y o f
s o i l m i c r o o r g a n i s m s a n d i m p r o v e t he f i e l d e n v i r o n m e n t , i t r esu l t ed i n a h i g h e r
a n d m o r e s tab le g r o u n d n u t p r o d u c t i o n . B y 1994 the t o ta l area u n d e r p o l y t h e n e
m u l c h c o v e r i n g g r o u n d n u t w a s 2 1 330 h a , w h i c h a c c o u n t e d f o r 9 3 % o f the t o ta l
area o f g r o u n d n u t c u l t i v a t i o n i n L a i x i (Table 3).
T h e Transformat ion o f M e d i u m - a n d L o w - y i e l d i n g L a n d
T h e Characterist ics o f M e d i u m - a n d L o w - y i e l d i n g L a n d
A b o u t 5 0 % o f t h e t o t a l area o f g r o u n d n u t c u l t i v a t i o n i n L a i x i h a d p o o r o r m e d i u m
y i e l d s . A v e r a g e y i e l d w a s 750 k g h a - 1 l o w e r t h a n t he m e a n o v e r L a i x i coun t y . T h i s
l a n d m a i n l y cons i s t ed o f t w o t ypes : b r o w n l o a m a n d s a n d y c l ay l o a m . B r o w n
l o a m so i l s a re p o o r a n d h a v e a h a r d p l o w p a n ; w h i l e the s a n d y c lay l o a m s are
p o o r s o i l s t r u c t u r e w i t h a h a r d i m p e r v i o u s laye r a n d l o w fe r t i l i t y .
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Tab le 3 . T h e d e v e l o p m e n t a l status o f po ly thene m u l c h fo r g r o u n d n u t
c u l t i v a t i o n i n L a i x i m u n i c i p a l i t y , C h i n a , 1991-94 .
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T h e T rans format ion a n d E n r i c h m e n t o f Soi l Fer t i l i ty
o f M e d i u m - a n d L o w - y i e l d i n g F ie lds
Deep plowing
D e e p p l o w i n g c o u l d d e e p e n t he f e r t i l e s o i l layer , p r o m o t e t he a c t i v i t y o f so i l
m i c r o o r g a n i s m s a n d t he g r o w t h o f g r o u n d n u t roo t s , a n d e l i m i n a t e w e e d s a n d
h a r m f u l pes ts . T o d o t h i s the s o i l w a s p l o w e d be fo re w i n t e r o r i n e a r l y s p r i n g t o a 
d e p t h o f 25-50 c m t o b r e a k t he p l o w p a n .
Adding sand and fertilizer to the clay soil
I n a d d i t i o n t o d e e p p l o w i n g , s a n d a n d q u i c k - a c t i n g fe r t i l i ze rs w e r e i n c o r p o r a t e d
w h i c h r e s u l t e d i n i m p r o v e m e n t o f t he s o i l s t r u c t u r e a n d s o i l f e r t i l i t y
F o r m a t i o n o f dra inage systems a n d i r r iga t ion
R i d g e s a n d f u r r o w s w e r e p r e p a r e d f o r e f f i c ien t i r r i g a t i o n , a n d cross-d i tches w e r e
p r o v i d e d t o d r a i n excess wa te r .
T h e Effect o f T rans format ion o f M e d i u m - a n d L o w - y i e l d i n g Soils
D u r i n g 1983 t o 1986, a v e r a g e g r o u n d n u t y i e l d i nc reased b y 980 t o 1404 k g ha*4 (o r
23-54%) i n t h e i m p r o v e d so i l s . T h e y i e l d o f s u b s e q u e n t c rops w a s a lso i m p r o v e d :
w h e a t b y 35 -47%, a n d m a i z e b y 35-48%.
S o w i n g w i t h Suff icient Soi l Mo is tu re
T h e s o w i n g d a t e f o r s p r i n g g r o u n d n u t w a s g e n e r a l l y f r o m 1 5 A p r i l t o 1 0 M a y i n
L a i x i , a n d f o r s u m m e r g r o u n d n u t w a s u s u a l l y be fo re 2 0 June. A c c o r d i n g t o
m e t e o r o l o g i c a l d a t a the c l i m a t e i n t h e m i d d l e t en d a y s o f A p r i l a n d t he f i r s t t e n
d a y s o f M a y i n L a i x i i s g e n e r a l l y d r y a n d w i n d y . I n o r d e r t o ensure a f u l l s t a n d o f
g r o u n d n u t seed l i ngs s o w i n g w a s u n d e r t a k e n o n l y i f t he re w a s su f f i c i en t so i l
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m o i s t u r e . I f t he re w a s i n a d e q u a t e m o i s t u r e , t h e n i r r i g a t i o n w a s necessary. T h e
resu l t s s h o w e d t h a t w h e n g r o u n d n u t w a s s o w n w i t h su f f i c i en t s o i l m o i s t u r e t h e
s e e d l i n g e m e r g e n c e w a s a b o u t 8.2-15.8% h i g h e r t h a n t h a t o f d r y c o n d i t i o n s .
A p p l i c a t i o n of Fert i l izers
O n t h e bas is o f s o i l tests a n d t h e f e r t i l i z e r r e q u i r e m e n t s o f g r o u n d n u t , th ree k i n d s
o f f e r t i l i z e r a p p l i c a t i o n r e g i m e s w e r e w o r k e d o u t (Table 4) .
T a b l e 4 . R e c o m m e n d e d fe r t i l i ze r appl ica t ions for L a i x i m u n i c i p a l i t y soils
g r o w i n g g r o u n d n u t .
S o i l f e r t i l i t y l e v e l
H i g h f e r t i l i t y
M e d i u m f e r t i l i t y
L o w f e r t i l i t y
O r g a n i c
m a n u r e
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2. Combination of Ca(H2PO4)2. H2O(50-60%) and CaSO4.2H2O (40-50%).
3. K2SO4 or KCl.
T h e o r g a n i c m a n u r e w a s a p p l i e d b y s p r e a d i n g be fo re p l o w i n g . T h e N , P a n d K 
f e r t i l i z e r s w e r e a l l a p p l i e d a s basa l fe r t i l i ze r . T h e n i n t he la te r stages o f
d e v e l o p m e n t a m i x e d m a c r o n u t r i e n t a n d m i c r o n u t r i e n t ( N , P , K , Z n , B....) s o l u t i o n
w a s s p r a y e d o n t h e leaves.
Breed ing a n d Select ion o f G o o d G r o u n d n u t Variet ies
G r o u n d n u t v a r i e t i e s w e r e c h o s e n o n t h e basis o f c r o p p i n g s y s t e m a n d
t e c h n o l o g i e s i n t h e area. Fo r e x a m p l e , m e d i u m - m a t u r i t y va r i e t i es ( H u a 37, L u
H u a N o . 10, L u H u a N o . 11) w e r e f o u n d s u i t a b l e f o r s p r i n g - s o w n g r o u n d n u t w i t h
p o l y t h e n e m u l c h , w h i l e e a r l y - t o m i d - m a t u r i t y va r i e t i es ( L u H u a N o . 8 , a n d L u
H u a N o . 9 ) w e r e s u i t a b l e f o r s u m m e r g r o u n d n u t w i t h p o l y t h e n e m u l c h i n g .
H o w e v e r , v a r i e t i e s s u c h a s Ba i sha 1061, L u H u a N o . 8 , a n d L u H u a N o . 1 2 w e r e
s u i t a b l e f o r d i r e c t s o w i n g , w i t h o u t p o l y t h e n e m u l c h .
C o n t i n u o u s se lec t i on f o r p l a n t a n d seed charac ters w a s f o u n d necessary t o
m a i n t a i n gene t i c p u r i t y o f v a r i e t i e s a r o u n d 9 0 % . N e w va r i e t i es w e r e i n t r o d u c e d ,
t es ted , a n d d e m o n s t r a t e d b y researchers , a n d p o p u l a r i z e d b y e x t e n s i o n staff . T h e
p o p u l a r va r i e t i e s g r o w n i n L a i x i h a v e b e e n c h a n g e d t w i c e s ince 1988. A t p resen t ,
i m p r o v e d v a r i e t i e s L u H u a N o . 9 , - N o . 10, - N o . 11 , 79266 a n d 8130 h a v e b e e n
w i d e l y a d o p t e d a n d a c c o u n t f o r a t least 9 6 % o f t h e t o t a l g r o u n d n u t area.
I m p r o v e m e n t s i n F ie ld M a n a g e m e n t
W i t h t h e e n l a r g e m e n t o f t h e area o f g r o u n d n u t c u l t i v a t i o n w i t h p o l y t h e n e m u l c h
c o v e r i n g , c h e m i c a l s h a v e b e e n w i d e l y a d o p t e d f o r g r o u n d n u t p r o d u c t i o n i n L a i x i .
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Seed D r e s s i n g w i t h Pesticides
A m i x t u r e o f p h o x i m (812) a n d p h o r a t e ( M P P ) pes t i c ides w a s u s e d t o coat the
seeds t o d e t e r h a r m f u l pests. T h e resu l ts s h o w e d tha t t he m i x i n g o f t he M P P (10%
M P P 7.5 k g ha - 1 ) a n d the s o i l t o cove r the s o w n seeds c o u l d n o t o n l y p r e v e n t
d a m a g e f r o m h a r m f u l u n d e r g r o u n d pests b u t a lso k i l l e d t he h a r m f u l pests o n t h e
g r o u n d , s u c h a s a p h i d , t h r i p s a n d r e d sp ide rs . T h e area w h e r e t h i s t e c h n o l o g y
w a s a d o p t e d i n L a i x i reached 7300 h a , 34.7% o f t he t o ta l , i n 1993.
T h e U t i l i z a t i o n o f Herb ic ides
T h e s p r a y i n g of ace toch lo r a t 0.5-0.7 g kg - 1 (50% acetoch lor , 0.75-1.05 kg ha - 1 ) to
the so i l w h e r e g r o u n d n u t seeds w e r e s o w n , be fo re c o v e r i n g w i t h p o l y t h e n e
m u l c h , g a v e the best resu l ts . T h i s p rac t i ce a l m o s t c o m p l e t e l y e l i m i n a t e d the
w e e d s . T h e a d o p t i o n o f t h i s t e c h n i q u e i n 1993 c o v e r e d 2 0 000 h a , a b o u t 8 3 % o f the
t o t a l .
T h e U t i l i z a t i o n o f G r o w t h Retardant
T h e resu l ts s h o w e d tha t a p p l i c a t i o n o f g r o w t h r e t a r d a n t PP333 at 0.5-0.6 g kg - 1
(15% PP333, 0375-0 .45 kg ha - 1 ) s p r a y e d on the leaves o f g r o u n d n u t 35-45 d a y s a f ter
f l o w e r i n g c o u l d n o t o n l y regu la te the vege ta t i ve g r o w t h o f g r o u n d n u t o rgans
a b o v e t he g r o u n d , b u t a lso p r o m o t e d the g r o w t h a n d d e v e l o p m e n t o f p o d s . T h e
t e c h n i q u e c o u l d increase the percentage o f f u l l p o d s by a b o u t 5.2%. B e t w e e n 1991
a n d 1994 g r o w t h r e t a r d a n t w a s used on a c u m u l a t i v e area o f 50 000 ha .
T h e P r e v e n t i o n a n d Cure o f Leaf Diseases
L e a f d iseases caused d e f o l i a t i o n i n the e a r l y stage o f g r o u n d n u t g r o w t h . I n la te r
stages o f d e v e l o p m e n t , s p r a y i n g o f c a r b e n d a z i m a n d m a n c o z e b o n g r o u n d n u t
leaves a t a b o u t 10-15 d a y i n t e r v a l s (1 to 3 t imes ) resu l t ed in a h e a l t h y c r o p a n d a lso
inc reased t h e f u l l p o d s b y 5.0%, a n d the p o d y i e l d a p p r o x i m a t e l y 10%. F r o m 1990
to 1994 t h e area w h e r e the t e c h n o l o g y w a s a d o p t e d cove red 36 000 ha .
Future Prospects for G r o u n d n u t Product ion
T h e g o a l o f L a i x i f a r m e r s i s t o increase the i r e c o n o m i c s i t u a t i o n . T o d o th i s , seve ra l
s t ra teg ies w i l l b e necessary :
• E n l a r g e m e n t o f t he m u l t i p l e - c r o p p i n g areas o f cereal c rops a n d g r o u n d n u t .
• E x t e n s i o n o f m e c h a n i z a t i o n o f a g r i c u l t u r a l p rac t ices so t ha t a m u c h la rger scale
o f r o t a t i o n a l c r o p p i n g i s poss ib le .
• C o n t i n u e d b r e e d i n g o f g r o u n d n u t va r ie t i es f o r h i g h qua l i t y , m u l t i p l e res is tance
t o pests a n d d iseases, a n d f o r spec ia l p u r p o s e s .
B y t h e e n d o f t he yea r 2000, i t i s p r e d i c t e d t h a t i n L a i x i c o u n t y the m e a n a n n u a l
y i e l d o f g r o u n d n u t w i l l b e a b o u t 5 t ha - 1 , a n d ne t i n c o m e w i l l h a v e i nc reased b y
2 0 % .
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Studies on Selection Efficiency of Different
Breeding Methods in Groundnut
Cao Yuliang, Gu Shuyuan, Xue Hu iq in , and Gan X i n m i n 1
Se lec t i on e f f i c iency o f t he m a j o r e c o n o m i c characters w a s s t u d i e d i n t he F 3 a n d F 4
g e n e r a t i o n s d e r i v e d f r o m f i v e g r o u n d n u t crosses u s i n g d i f f e ren t b r e e d i n g
m e t h o d s . H e r i t a b i l i t y i n b o t h the b r o a d a n d n a r r o w senses w a s e s t i m a t e d b y
d i f f e r e n t m e t h o d s . A s h e r i t a b i l i t y es t imates f r o m the b u l k m e t h o d are l o w , e v e n i n
F 4 p r o g e n i e s , se lec t ion p ressu re s h o u l d be re laxed to a reasonab le ex ten t . I n the
p e d i g r e e m e t h o d , se lec t ion o f g r o u p s a n d f a m i l i e s c a n c o m m e n c e i n F 4 , b u t w i t h
g e n e r a l e m p h a s i s o n g r o u p s . H e r i t a b i l i t y f r o m the d e r i v e d - l i n e m e t h o d w a s
h i g h e r t h a n t h a t f r o m t h e b u l k m e t h o d . N a r r o w - s e n s e he r i t ab i l i t y , r e m o v i n g
i n f l u e n c e s o f d o m i n a n c e a n d e n v i r o n m e n t , i s m o r e re l iab le . T h e he r i t ab i l i t i e s o f
1 0 0 - p o d m a s s , n u m b e r o f t o t a l b ranches , h e i g h t o f t he m a i n s t e m , a n d l e n g t h o f
p r i m a r y b ranches w e r e h i g h , w h i l e those f o r the n u m b e r o f p o d s p lan t * 1 a n d p o d -
mass p l a n t 1 w e r e l o w .
1. Shandong Peanut Research Institute, Laixi, Shandong 266601, China.
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Integrated Management of Groundnut
Root-knot Nematode Disease
Caused by Meloidogyne hapla Chitwood
Dong Weibo, Song Xiesong, and M i n Ping1
O c c u r r e n c e , d i s t r i b u t i o n , d a m a g e , l i f e cyc le , a n d sp read o f t he n o r t h e r n r o o t - k n o t
n e m a t o d e (Meloidogyne hapla Chi twood) on g r o u n d n u t h a v e been s y s t e m i c a l l y
i n v e s t i g a t e d o v e r t h e pas t d e c a d e . A n I n t e g r a t e d Pest M a n a g e m e n t ( IPM)
p r o g r a m t o m a n a g e g r o u n d n u t r o o t - k n o t d isease has b e e n d e v e l o p e d . C u l t u r a l
p rac t i ces , s u c h a s r o t a t i o n w i t h n o n h o s t c r o p s (e.g. , c o t t o n , w h e a t , a n d swee t
p o t a t o ) , s o i l a m e n d m e n t s s u c h a s t h e a p p l i c a t i o n o f c h i c k e n m a n u r e , a n d r a t i o n a l
la te s o w i n g , p l a y a k e y r o l e i n t h e I P M s y s t e m . C h e m i c a l s are n e e d e d w h e n the
i n i t i a l p o p u l a t i o n dens i t i es o f M . hapla a re a b o v e t h e e c o n o m i c t h resho lds . T w o
h i g h l y res i s tan t a n d th ree m o d e r a t e l y res is tan t g r o u n d n u t l i nes h a v e b e e n
se lec ted f r o m m o r e t h a n 4000 g e r m p l a s m accessions. These l i nes s h o u l d b e u s e d
to d e v e l o p g r o u n d n u t v a r i e t i e s res is tan t t o M . hapla as s o o n as poss ib le . T h e use o f
t h i s I P M s y s t e m has r e s u l t e d i n s i g n i f i c a n t e c o n o m i c a n d soc ia l bene f i t s t o
g r o u n d n u t f a r m e r s i n C h i n a , espec ia l l y t o t hose i n S h a n d o n g P r o v i n c e .
1. Shandong Peanut Research Institute, Laixi, Shandong 266601, China.
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Drought Stress Physiology in Groundnut:
A Review
Gao Guoqing1
W a t e r d e f i c i t c a n h a v e s t r o n g l y n e g a t i v e effects o n g r o u n d n u t g r o w t h ,
d e v e l o p m e n t , a n d p r o d u c t i o n . D r o u g h t effects o n leaf w a t e r re l a t i ons ,
m e t a b o l i s m , g r o w t h , d e v e l o p m e n t , a n d y i e l d c o m p o n e n t s i n g r o u n d n u t ;
g r o u n d n u t a d a p t a t i v e m e c h a n i s m s f o r d r o u g h t escape, a v o i d a n c e , a n d to le rance ;
a n d e v a l u a t i o n a n d se lec t i on o f g r o u n d n u t c u l t i v a r s f o r d r o u g h t res is tance are
r e v i e w e d .
1. Industrial Crops Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China,
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proceedings of an international workshop, 25-29 Aug 1995, Laixi City, Shandong, China (Renard, C., Gowda, C.L.L.,
Nigam, S.N., and Johansen, C. eds,). Patancheru 502 324, Andhra Pradesh, India: International Crops Research
Institute for the Semi-Arid Tropics. (Abstract in En. and Ch.)
251
The Breeding and Extension of Nonghua 22,
an Early-maturing High-yielding Groundnut Variety
Gao Liushen, Jiang Zix in , Long Biguang, Feng Fuzhen, and Deng Fangdi1
T h e N o r t h P l a i n o f C h i n a i s a n i m p o r t a n t g r o u n d n u t - g r o w i n g area, b u t i n t he pas t
i t s p r o d u c t i v i t y w a s l o w because o l d u n a d a p t e d va r ie t i es w e r e g r o w n . I n t he
1980s p r o d u c t i v i t y i m p r o v e d f o l l o w i n g the i n t r o d u c t i o n o f s u c h va r ie t i es a s Basha
1016 x X u z h u a 68-4, H a i h u a 1 , H u a 37, a n d L u h u a 9 . B u t these l o n g - d u r a t i o n
v a r i e t i e s d i d n o t f i t i n t o i n t e r c r o p p i n g sys tems. I n 1979, t he b r e e d i n g g r o u p a t
B e i j i n g A g r i c u l t u r a l U n i v e r s i t y s t a r t e d v a r i e t a l i m p r o v e m e n t w o r k a i m e d a t
d e v e l o p i n g s u i t a b l e va r i e t i es f o r the N o r t h P l a i n . A f t e r 1 0 years , va r ie t i es
N o n g h u a 10, 16, a n d 22 w e r e d e v e l o p e d . N o n g h u a 22 o r i g i na tes f r o m a cross
b e t w e e n F u 5 0 a n d H u a 3 1 . I t w a s d e v e l o p e d b y the p e d i g r e e m e t h o d . I t p r o d u c e d
15% m o r e p o d y i e l d t h a n H u a 3 7 i n t r ia ls c o n d u c t e d fo r 3 years. N o n g h u a 2 2 has
the o u t s t a n d i n g a d v a n t a g e s o f b e i n g e a r l y - m a t u r i n g ( i n 125 days ) , s tab le , h i g h -
y i e l d i n g , d r o u g h t - r e s i s t a n t , a n d a d a p t e d t o p o o r so i l . T h i s v a r i e t y i s su i t ab le f o r
i n t e r c r o p p i n g i n n o r t h e r n C h i n a , a n d s u m m e r c u l t i v a t i o n s o u t h o f S h i j i a z h u a n g
C i t y , H e b e i P r o v i n c e . A seed p r o d u c t i o n s y s t e m has been es tab l i shed fo r
e x t e n s i o n o f t he va r i e t y , a n d has p r o d u c e d exce l len t resu l ts . The s y s t e m focuses
o n c o n c e n t r a t i n g s e e d - p r o d u c t i o n l oca t i ons a n d r e c y c l i n g seed fo r m u l t i p l i c a t i o n
be fo re a s izeab le q u a n t i t y i s p r o d u c e d f o r g e n e r a l d i s t r i b u t i o n . A l l seed
p r o d u c e r s , i n c l u d i n g the b r e e d i n g i n s t i t u t i o n , are l i n k e d t h r o u g h a seed-
p r o d u c t i o n n e t w o r k , a n d each o f t h e m has a n i n d u s t r i a l seed bus iness .
1. Beijing Agricultural University, Beijing 100094, China.
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Correlation Studies on Agronomic Traits
in Groundnut
Guo Jinming, Li Fengxia, and Yang Yingjuan1
C o r r e l a t i o n s b e t w e e n n i n e a g r o n o m i c t ra i ts a n d p o d y i e l d i n g r o u n d n u t h a v e
b e e n e s t i m a t e d . P o d y i e l d i s s i g n i f i c a n t l y co r re la ted w i t h the to ta l n u m b e r o f
b ranches p l a n t - 1 ( r = 0.236), the d i a m e t e r o f t he m a i n s t e m ( r = 0.494), a n d the
n u m b e r o f p o d s p l a n t - 1 ( r = 0.574). T h e p a t h coef f ic ients w e r e 0.1194 (b ranches
p l a n t - 1 ) , 0.2923 ( d i a m e t e r o f m a i n s tem) , a n d 0.5711 ( p o d s p lant* 1 ) . These th ree
t ra i t s c o u l d b e u s e d i n b r e e d i n g p r o g r a m s t h a t a i m t o increase t h e y i e l d s o f
g r o u n d n u t .
1. Jinzhou Agricultural Research Institute, Liaoning, China.
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An Experimental Study on
H i g h Yield Cultivation of Early-season
Groundnut in Rice Fields
He Xingwen, Song Laiqiang, and Xiong Renxiang1
T h r e e y i e l d - l i m i t i n g fac to rs ; f e r t i l i z e r needs , t o p d r e s s i n g ra te , a n d s o w i n g d e n s i t y
w e r e i n v e s t i g a t e d i n g r o u n d n u t t h a t w a s s o w n e a r l y i n r i ce f i e l d s . A c c o r d i n g t o
a n a l y s i s o f v a r i a n c e , t he d i f f e rences i n y i e l d s a m o n g a l l the t r ea tmen ts a n d fac to rs
a t d i f f e r e n t l eve l s w e r e n o t s i g n i f i c a n t . T h e la rges t e c o n o m i c b e n e f i t w a s r e a l i z e d
f r o m t h e l o w e s t i n p u t l e v e l .
1. Upland Crops Institute, Jiangxi Academy of Agricultural Sciences, Nanchang 330200, China.
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Study and Extension of Multiple-cropping
Techniques for Groundnut
wi th Wheat and Vegetables
Liu Guoqiang, Song Shoucai, L iu Jianjun, and Liu Guoshen1
I n t e r c r o p p i n g g r o u n d n u t w i t h w h e a t a n d vegetab les i s a n e w a g r i c u l t u r a l
p r o d u c t i o n s y s t e m f o r Z h a o y u a n C o u n t y , Based o n t he n o r m a l c u l t u r a l p rac t i ces ,
a f o u r - c r o p s y s t e m w a s d e v e l o p e d u s i n g g r o u n d n u t as a m a i n c r o p , i n t e r c r o p p e d ,
o r m u l t i p l e c r o p p e d w i t h w h e a t a n d vegetab les . U s e o f t h i s s y s t e m has resu l t ed i n
a n n u a l p r o f i t s o f 30 000 y u a n (US$ 3530) ha - 1 f r o m 5.061 t ha - 1 o f w h e a t , 5 1 1 4 t ha - 1
of g r o u n d n u t , 16.341 t ha - 1 of s p i n a c h , a n d 15.728 t ha - 1 of c u c u m b e r . S ince 1991, a 
c u m u l a t i v e area o f 1 7 333 h a has b e e n c u l t i v a t e d b y th i s t e c h n i q u e i n Z h a o y u a n
C o u n t y f r o m w h i c h p r o f i t s o f US$ 36.8 m i l l i o n h a v e b e e n o b t a i n e d .
1. Agricultural Extension Service Centre, Zhaoyuan County, Shandong 266601, China.
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Development of an Early-maturing,
High-yielding, Qual i ty Groundnut Variety, H a i Hua 3 
Liu Shukai , Li Yurong, Cheng Zengshu, L iu Shaoxing, and Xu Guizhen 1
H a i H u a 3 , d e r i v e d f r o m t h e cross 7603-10-124 x X i n g 4 0 8 1 , w a s d e v e l o p e d
t h r o u g h p e d i g r e e se lec t i on . I t i s a V i r g i n i a t y p e w i t h g o o d c o m p r e h e n s i v e
a t t r i b u t e s , s h o r t d u r a t i o n ( a b o u t 130 d a y s ) , a n d p r o d u c e s h i g h a n d s tab le y i e l d s .
F i e l d t r i a l s s h o w e d t h a t i t p r o d u c e d 8.9% m o r e p o d s , a n d 9 . 1 % m o r e ke rne l s t h a n
t h e l o c a l c o n t r o l , J i y o u N o . 4 , I n t he d e m o n s t r a t i o n p l o t , a p o d y i e l d o f 4608 k g h a - 1
w a s a c h i e v e d . H a i H u a 3 has a 1 0 0 - p o d mass o f 243 g , a 100-kerne l mass o f 97.4 g ,
73 -74% s h e l l i n g p e r c e n t a g e , c o n t a i n s 55 .76% o i l , a n d 25 .27% c r u d e p r o t e i n . I t has
g o o d res is tance to d r o u g h t , l a te lea f s p o t (Phaeoisariopsis personata (Berk. & M A .
Curtis) van Avx, a n d p o d r o t d iseases, a n d w i d e a d a p t a b i l i t y .
1. Institute of Cereals and Oi l Crops, Hebei Academy of Agricultural and Forestry Sciences, Shijiazhuang 050031,
China.
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Growth and Development of Xuhua No . 5 
Summer Groundnut and Cultivation Techniques
to Achieve Yields of 6 t ha-1
Zhang Zuming 1 , Jiang Fu1 , Lu Zhaoying1 , and Li Qinghua2
X u h u a N o . 5 , d e v e l o p e d b y X u Z h o u A g r i c u l t u r a l Research I n s t i t u t e , w a s re leased
f o r s p r i n g a n d s u m m e r c u l t i v a t i o n i n J iangsu P r o v i n c e b y the P r o v i n c i a l V a r i e t a l
C o m m i t t e e i n A p r i l 1993. I n s p r i n g - s o w n t r i a l s , y i e l d s o f a r o u n d 4.5 t h a - 1 a n d
y i e l d increases o f 10% o v e r e x i s t i n g c u l t i v a r s w e r e o b t a i n e d . I n s u m m e r s o w i n g
w i t h p o l y t h e n e f i l m m u l c h i n g t h e v e g e t a t i v e g r o w t h o f t h e v a r i e t y i s fast i n t h e
e a r l y p h a s e , s t e a d y i n t he m i d - p h a s e , a n d s tab le a t t he la ter stages. X u h u a N o . 5 
f l o w e r s a n d sets p o d s ear ly , i s o f m e d i u m d u r a t i o n , p r o d u c e s a h i g h pe rcen tage o f
w e l l - d e v e l o p e d p o d s , a n d has h i g h p r o d u c t i v i t y p l a n t - 1 . T h e c o m b i n e d effects o f
d e e p t i l l a g e , a d e q u a t e n u t r i t i o n , e a r l y s o w i n g w i t h r a t i o n a l p l a n t s p a c i n g o n
r i d g e s , p o l y t h e n e f i l m m u l c h i n g , s p r a y i n g w i t h g r o w t h re ta rdan ts , a n d t i m e l y
f i e l d m a n a g e m e n t t o i m p r o v e l i g h t a n d t h e r m a l c o n d i t i o n s c a n resu l t i n y i e l d s o f 6 
t ha - 1 i n s u m m e r s o w i n g s t h a t f o l l o w t h e w h e a t ha rves t .
1. Xu Zhou Agricultural Research Institute, Xu Zhou City, China.
2. Anhui Extension Station for Agricultural Techniques, Xinyi City, Jiangsu, China.
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Studies on Breeding Groundnuts
for Ar id Red Earth Soils
in H i l l y Areas of Hunan Province, China
Li L in , and Xia Xiaonong1
I n H u n a n P r o v i n c e g r o u n d n u t i s g r o w n o n the a r i d r e d e a r t h so i l s i n h i l l y areas. I n
1994 t h e area s o w n t o g r o u n d n u t s i n H u n a n w a s 117 800 h a , 4 % o f t he t o t a l
g r o u n d n u t area i n C h i n a . A m a j o r b r e e d i n g ob jec t i ve i s t o d e v e l o p h i g h - y i e l d i n g
c u l t i v a r s w i t h t h e a b i l i t y t o a v o i d o r res is t d r o u g h t . W e l l - a d a p t e d Span ish t y p e s
a re u s e d a s p a r e n t s i n t h e b r e e d i n g p r o g r a m . Var ie t i es s u c h a s X i a n g h u a s h e n g
N o s . 1 a n d 3 , a n d F u 91-130 h a v e b e e n success fu l l y b r e d f r o m Span ish t y p e s
i n t r o d u c e d f r o m G u a n g d o n g , S h a n d o n g , a n d F u j i a n g P r o v i n c e s . T h e y possess
s u c h g o o d cha rac te rs els h i g h y i e l d (3.3-4.95 t ha - 1 ) , e a r l y m a t u r i t y (122-130 d a y s ) ,
g o o d q u a l i t y , a n d r e s i s t a n c e / t o l e r a n c e t o d r o u g h t , l o d g i n g , e a r l y leaf s p o t
(Cercospora arachidicola Hor i ) , r u s t (Puccin ia arachidis Speg.,), a n d so i l ac id i t y . B u t
these v a r i e t i e s are s e n s i t i v e t o bac te r i a l w i l t . W h e n se lec t i ng f o r h i g h y i e l d a n d
a d a p t a t i o n t o t h e a r i d r e d e a r t h so i l s i n t he h i l l y areas o f H u n a n P r o v i n c e , i n
a d d i t i o n t o r e s i s t a n c e / t o l e r a n c e t o b i o t i c a n d ab io t i c fac to rs , the f o l l o w i n g
cha rac te r i s t i c s a re h i g h l y des i r ab le : c o m p a c t p l a n t t y p e (40-50 c m h e i g h t ) , r o b u s t
p l a n t s w i t h a m o d e r a t e n u m b e r o f b ranches (5-7) , d a r k g r e e n leaves, a 
c o n c e n t r a t e d s h o r t f l o w e r i n g p e r i o d , c l u s t e r e d f r u i t i n g , a n d la te senescence, a n d
m a n y p o d s p l a n t - 1 w i t h s m a l l t o m e d i u m s i zed seeds.
T h e f u t u r e ob jec t i ves o f g r o u n d n u t b r e e d i n g a t the I n s t i t u t e are t o b r e e d
v a r i e t i e s t h a t m a t u r e e x t r e m e l y e a r l y i n less t h a n 120 d a y s , h a v e h i g h leve ls o f
res is tances t o d iseases, espec ia l l y t o bac te r i a l w i l t a n d rus t , the a b i l i t y t o e m e r g e
t h r o u g h t h e h a r d c rus ts o f H u n a n ' s so i l s , a n d s u i t a b i l i t y f o r spec ia l uses.
1. Hunan Upland Crops Research Institute, Mapoting, Changsha, Hunan 410125, China.
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Study and Development of Polythene Fi lm Mulching
for Groundnut Cultivation in China
Tao Shouxiang, Sun Yanhao, and Chen Dianxu 1
G r o u n d n u t c u l t i v a t i o n u s i n g p o l y t h e n e f i l m m u l c h i n g i s a n e w a g r i c u l t u r a l
t e c h n i q u e i n t r o d u c e d i n t o C h i n a f r o m Japan i n t h e la te 1970s. I n t h e pas t 1 0 yea rs ,
research o n m a n y aspects o f i t s a p p l i c a t i o n has b e e n c a r r i e d o u t . Top ics c o v e r e d
i n c l u d e h i g h y i e l d a n d e f f ic iency, t he d e v e l o p m e n t o f t he t e c h n i q u e o n a l a r g e
scale, i t s ef fects o n i n t e r c r o p p i n g , s o i l , f e r t i l i ze r , p l a n t p r o t e c t i o n , a n d t h e
m a n a g e m e n t o f f i l m res idues . T h e research has b e e n c o n d u c t e d i n c lose
c o o p e r a t i o n w i t h a g r i c u l t u r a l e x t e n s i o n serv ices , research i ns t i t u t es , a n d
u n i v e r s i t i e s . A p o l y t h e n e f i l m m u l c h i n g c u l t i v a t i o n s y s t e m f o r C h i n a has b e e n
f o r m u l a t e d .
1. Shandong Peanut Research Institute, Laixi, Shandong 266601, China.
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Research and Development of a Double
High-yielding Cultural Technique
in Wheat/Groundnut Intercropping
Wan Shubo, Yu Shanxin, Feng Haisheng, and M i n Ping1
T h e bas ic c o n c e p t , d e v e l o p m e n t , a n d p r e s e n t s i t u a t i o n o f d o u b l e h i g h - y i e l d i n g
c u l t u r a l t e c h n i q u e s i n w h e a t / g r o u n d n u t i n t e r c r o p p i n g i n S h a n d o n g are o u t l i n e d .
T h r e e m a j o r i n t e r c r o p p i n g sys tems are d e s c r i b e d , a s are c u l t u r a l t echn iques
a p p r o p r i a t e t o :
S o w i n g t w o r o w s o f g r o u n d n u t o n 9 0 - c m w i d e b e d s , w i t h t w o r o w s o f w h e a t i n
2 0 - c m f u r r o w s , f o r areas o f m e d i u m so i l f e r t i l i t y w h e r e w h e a t i s h a r v e s t e d la te ;
S o w i n g s i n g l e r o w s o f g r o u n d n u t o n 3 4 - c m w i d e b e d s w i t h t w o r o w s o f w h e a t
i n f u r r o w s , o n h i g h l y f e r t i l e so i l s
S o w i n g a s i n g l e r o w o f g r o u n d n u t b e t w e e n w h e a t r o w s a t 23-27 c m s p a c i n g , o n
h i g h l y f e r t i l e so i l s .
1. Shandong Peanut Research Institute, Laixi, Shandong 266601, China.
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Util ization of W i l d Groundnut Relatives
at Shandong Peanut Research Institute
Wang Chuantang, Miao Huarong, Shen Fuyu, and Duan Shufen1
Since t h e 1980s, seve ra l t echn iques h a v e b e e n d e v e l o p e d a t t he S h a n d o n g P e a n u t
Research I n s t i t u t e t o fac i l i t a te t he use o f w i l d Arachis species i n g r o u n d n u t
i m p r o v e m e n t . These t echn iques i n c l u d e ; (1) s o m a t i c d o u b l i n g o f c h r o m o s o m e s o f
t r i p l o i d i n te rspec i f i c d e r i v a t i v e s u s i n g co l ch i c i ne a n d DMSO, (2) h a s t e n i n g t h e
process o f s t a b i l i z a t i o n a n d i n v o l v i n g t he f r e q u e n c y o f des i rab le segregants i n
i n te rspec i f i c b r e e d i n g b y e x p o s i n g h y b r i d s t o g a m m a - r a y i r r a d i a t i o n , (3) e m b r y o
rescue a n d asept ic p e g c u l t u r e i n crosses b e t w e e n i n c o m p a t i b l e Arachis species,
a n d (4) D N A t rans fe r t h r o u g h i n j e c t i o n i n t h e c a l y x t u b e . A p p l i c a t i o n o f these
t e c h n i q u e s has r e s u l t e d i n h y b r i d s d e r i v e d f r o m A . hypogaea crosses w i t h
c o m p a t i b l e species, a n d w i t h A . glabrata u s i n g a n u m b e r o f e l i t e g e r m p l a s m
access ion l i nes w i t h g o o d p r o d u c t i v i t y , q u a l i t y , a n d stress res is tance, a s
i n c o m p a t i b l e species h a v e b e e n b r e d . U s i n g t h e D N A t rans fe r t e c h n i q u e d r o u g h t -
t o l e r a n t segregants h a v e b e e n o b t a i n e d . These segregants a lso s h o w i m p r o v e m e n t
i n t h e i r o i l a n d p r o t e i n con ten ts , a n d a m i n o - a c i d c o m p o s i t i o n . U t i l i z a t i o n o f t he
t e r t i a r y gene p o o l w i l l r e m a i n t he t o p b r e e d i n g p r i o r i t y i n t he n e x t decade . E f fo r t s
s h o u l d b e d i r e c t e d t o w a r d s i n t e n s i v e se lec t ion o f d e r i v a t i v e s , a n d e l u c i d a t i o n o f
t h e m e c h a n i s m a n d genet ics o f res is tance t o e c o n o m i c a l l y i m p o r t a n t pests a n d
diseases. A t t e n t i o n m u s t a lso b e p a i d t o h i gh -e f f i c i ency r e g e n e r a t i o n , m o l e c u l a r
c l o n i n g , a n d gene m a p p i n g .
1. Shandong Peanut Research Institute, Laixi, Shandong 266601, China.
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Effects of N, N-dimethyl piperidinium chloride (DPC)
on Plant Endogenous Hormones during
the Development of Groundnut Pods and Seeds
Wang Ming lun 1 , He Zhongpei2 , and L i Peiming2
T h e e f fec t o f d i f f e r e n t c o n c e n t r a t i o n s o f N , N - d i m e t h y l p i p e r i d i n i u m c h l o r i d e
(DPC) , s p r a y e d o n g r o u n d n u t leaves , o n t he l eve l s o f e n d o g e n o u s e t h y l e n e ( C 2 H 2 )
p r o d u c t i o n i n p o d s d u r i n g t h e i r d e v e l o p m e n t , a n d t h e a m o u n t o f c y t o k i n i n (CTK)
a n d absc is ic a c i d ( A B A ) i n seeds d u r i n g t h e i r e a r l y d e v e l o p m e n t stages w e r e
s t u d i e d . D P C i nc reased t h e a m o u n t o f C 2 H 2 i n p o d s , a n d CTK a n d A B A i n seeds a t
t h e e a r l y d e v e l o p m e n t s tages, a n d i n p l u m u l e s . T rea ted p l u m u l a r axes a n d
r a d i c l e s h a d h i g h e r l eve l s o f C T K a n d A B A t h a n n o n t r e a t e d ones d u r i n g t he m i d
a n d l a t e s tages o f seed d e v e l o p m e n t , b u t t he a m o u n t s o f CTK a n d A B A i n
c o t y l e d o n s w e r e m u c h l o w e r t h a n those i n t he c o n t r o l t r ea tmen t . I t i s p r o p o s e d
t h a t A B A p r o m o t e s p o d a n d seed d e v e l o p m e n t . H o w e v e r , t h e ef fects o f
a p p l i c a t i o n o f c o m p o u n d s l i k e DPC o n e n d o g e n o u s h o r m o n e s r e m a i n v e r y
c o m p l e x , a n d f u r t h e r s t u d i e s a re n e e d e d t o u n r a v e l t he p h y s i o l o g i c a l
consequences .
1. Laiyang Agricultural College, Laiyang, Shandong 265200, China.
2. Beijing Agricultural University, Beijing 100094, China.
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Studies on the Control of the Major Groundnut
Foliar Diseases in China
Xu Xiujuan, Shi Yanmao, Chi Yucheng, and Cui Fenggao1
O f t he m a n y g r o u n d n u t f o l i a r diseases i n C h i n a , o n l y w e b b l o t c h (Didymella 
arachidicola (Chock.) Taber Petit and Philley), a n d ea r l y lea f s p o t (Cercospora arachidicola 
Hor i ) h a v e caused severe d a m a g e i n recen t years . T h e y o f t e n occu r together , a n d
c a n decrease y i e l d s by 20-30%. F r o m 1985-94, the c o n t r o l o f diseases t ha t occu r
t oge the r has b e e n s y s t e m a t i c a l l y s t u d i e d . A n i n t e g r a t e d m a n a g e m e n t m e t h o d t h a t
m a i n l y i n v o l v e s c o n t r o l o f p r i m a r y a n d s e c o n d a r y i n f e c t i o n has b e e n sugges ted ,
a n d t h e m o s t e f fec t i ve f u n g i c i d e L X M 9 2 0 1 ® d e v e l o p e d a n d m a n u f a c t u r e d . T h e
d e m o n s t r a t i o n o f t h i s m a n a g e m e n t m e t h o d i n 108 000 h a o f g r o u n d n u t f i e l d s
s h o w e d t h a t t he ave rage c o n t r o l a c h i e v e d w a s 79 .6%, a n d tha t d i r ec t e c o n o m i c
bene f i t s a m o u n t e d t o 220 m i l l i o n y u a n (US$ 25.9 m i l l i o n ) p e r a n n u m . T h e
eco log i ca l a n d soc ia l bene f i t s w e r e a lso s i gn i f i can t .
1. Shandong Peanut Research Institute, Laixi, Shandong 266601, China.
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Studies on Critical Soil Moisture Content
at Different Growth Stages of
Early- or Medium-matur ing Groundnut
Yao J unping, Lo Yaonian, and Yang Xindao1
T h e c r i t i c a l s o i l m o i s t u r e c o n t e n t a t d i f f e r e n t g r o w t h stages o f e a r l y - o r m e d i u m -
m a t u r i n g g r o u n d n u t s w a s s t u d i e d u n d e r c o n t r o l l e d i r r i g a t i o n a t S h a n d o n g
P e a n u t Resea rch I n s t i t u t e d u r i n g 1979-81. T h e i n f l u e n c e o f s o i l d r o u g h t o n the
m a i n a g r o n o m i c charac te rs a n d t he y i e l d o f g r o u n d n u t w e r e asce r ta ined . S o m e
p h y s i o l o g i c a l e f f i c ienc ies w e r e n o t e d , a n d t he c r i t i c a l m o i s t u r e i n d e x e s a t d i f f e r e n t
g r o w t h phases d e t e r m i n e d . P l a n t s w e r e n o t sens i t i ve t o d r o u g h t stress a t the
s e e d l i n g s tage. F i e l d s s h o u l d b e i r r i g a t e d w h e n t h e i r s o i l m o i s t u r e c o n t e n t i s less
t h a n 4 0 % o f t he m a x i m u m w a t e r - h o l d i n g capac i t y o f s o i l T h e c r i t i c a l so i l
m o i s t u r e i n d e x e s f o r b o t h e a r l y - a n d m e d i u m - m a t u r i n g g r o u n d n u t va r i e t i es w e r e
3 3 . 7 % f o r t h e f l o w e r i n g a n d p e g g i n g phase , 3 2 . 1 % f o r f r u i t s e t t i n g , a n d 31.8% f o r
t h e p o d - f i l l i n g s tage.
1. Shandong Peanut Research Institute, Laixi, Shandong 266601, China.
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Study on the Nitrogen Nutrit ion of Groundnut
Using Labeled 15N-Fertilizer
Zhang Sisu and Wan Shubo1
W h e n n i t r o g e n ( N ) w a s a p p l i e d a t a ra te o f 120 kg ha - 1 (37.5-225 kg ha - 1 ) 2 , u s i n g
1 5 N - l a b e l e d fe r t i l i ze r , t h e u t i l i z a t i o n coef f i c ien t (UC) w a s 3 6 % (42-32%), t he
r e s i d u a l ra te (RR) in so i l w a s 2 2 % (27-18%), a n d the loss ra te (LR) o f N f e r t i l i z e r
4 2 % (31-50%). U C a n d R R w e r e s i g n i f i c a n t l y n e g a t i v e l y co r re la ted w i t h t he
a m o u n t o f N fe r t i l i ze r , w h i l e L R w a s p o s i t i v e l y co r re la ted . G r o u n d n u t y i e l d s w e r e
m a x i m u m w h e n a r o u n d 100 k g N h a - 1 w a s a p p l i e d , b u t d e c l i n e d a t h i g h e r
a p p l i c a t i o n rates. T h e N con ten t o f t he p l a n t w a s 16% (6-26%) d e r i v e d f r o m 1 5 N -
fe r t i l i ze r , 3 6 % (23-49%) f r o m so i l , a n d 4 8 % (25-71%) f r o m n o d u l a t i n g bac ter ia . T h e
N - s u p p l y ra tes f r o m b o t h f e r t i l i z e r a n d s o i l w e r e s i g n i f i c a n t l y p o s i t i v e l y
c o r r e l a t e d w i t h t he a m o u n t o f N a p p l i e d , w h i l e t he N - s u p p l y ra te f r o m n o d u l e s
w a s n e g a t i v e l y co r re l a ted . T h e ra te o f N - s u p p l y w a s 8 1 % f r o m n o d u l e bac te r ia ,
a n d 19% f r o m so i l i n the t r e a t m e n t w i t h o u t a p p l i e d n i t r o g e n .
1. Shandong Peanut Research Institute, Laixi, Shandong 266601, China.
2. Values in parentheses are ranges.
Zhang Sisu and Wan Shubo. 1996. Study on the nitrogen nutrition of groundnut using labeled l5N-fertilizer. Page
265 in Achieving high groundnut yields: proceedings of an international workshop, 25-29 Aug 1995, Laixi City,
Shandong, China (Renard, C., Gowda, C.L.L., Nigam, S.N., and Johansen, C. eds.). Patancheru 502 324, Andhra
Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics, (Abstract in En. and Ch.)
265
Studies on Gaming H igh Yield
of Groundnut in Henan
Wang Baohua1
H e n a n P r o v i n c e i s o n e o f t h e m a i n g r o u n d n u t - g r o w i n g r eg i ons i n C h i n a w i t h
m o r e t h a n 700 000 h a c u l t i v a t e d t he re i n 1994.
Research o n i m p r o v i n g y i e l d s i n v o l v e d s tud ies o f p l a n t p o p u l a t i o n dens i t i es ,
g r o w t h cha rac te r i s t i cs a n d p a t t e r n s , c u l t i v a t i o n t echn iques , a n d i n t e r - c r o p p i n g
w h e a t w i t h g r o u n d n u t . Y i e l d s o f 4.5-5.25 t ha - 1 h a v e b e e n o b t a i n e d . These resu l t s
h a v e c o n t r i b u t e d t o increases i n g r o u n d n u t p r o d u c t i o n a n d e x t e n s i o n i n the
p r o v i n c e .
1. Zhengzhou Institute of Agricultural Sciences, Zhengzhou 450005, China.
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Group Discussions and Recommendations
Group 1. Genetic Enhancement
Breeding strategy-high yield vs resistance breeding
B o t h b r e e d i n g f o r h i g h y i e l d p o t e n t i a l a n d b r e e d i n g f o r res is tance w e r e
c o n s i d e r e d i m p o r t a n t d e p e n d i n g o n the s i t u a t i o n . I n A f r i c a , b r i d g i n g t he y i e l d
g a p b e t w e e n rea l i zed a n d p o t e n t i a l y i e l d w a s m o r e i m p o r t a n t t h a n b r e e d i n g f o r
h i g h y i e l d p o t e n t i a l , w h i l e C h i n e s e sc ient is ts c o n s i d e r e d t h a t b r e e d i n g f o r stress
res is tance w a s o f lesser i m p o r t a n c e . H o w e v e r / i n e n v i r o n m e n t s w h e r e t h e stresses
c o u l d b e m a n a g e d c u l t u r a l l y , b r e e d i n g f o r h i g h y i e l d p o t e n t i a l w a s c o n s i d e r e d
i m p o r t a n t . I n l o n g - t e r m b r e e d i n g p r o g r a m s , a ba lance b e t w e e n these app roaches
is des i r ab l e .
Prioritization of constraints
A b i o t i c a n d b i o t i c stresses a f f ec t i ng g r o u n d n u t p r o d u c t i o n i n s o u t h a n d sou theas t
A s i a a n d s o u t h e r n A f r i c a w e r e p r i o r i t i z e d (Table 1). I n s o u t h e r n A f r i c a , d r o u g h t ,
l o n g - d u r a t i o n c u l t i v a r s , a n d ea r l y a n d la te leaf spo ts w e r e r a t e d h i g h l y . I n s o u t h
A s i a ( I n d i a ) , d r o u g h t , e a r l y a n d la te leaf spo ts , r us t , l o n g - d u r a t i o n c u l t i v a r s , lea f
m i n e r , a n d w h i t e g r u b s w e r e ra ted h igh l y . I n s o u t h A s i a t he r a n k i n g s o f stresses
v a r i e d a m o n g c o u n t r i e s .
Exchange of germplasm and breeding material
T h e a v a i l a b i l i t y o f sources o f res is tance t o v a r i o u s stresses a m o n g the n a t i o n a l
p r o g r a m s w a s e x p l o r e d , a n d the f o l l o w i n g n a t i o n a l p r o g r a m s i n possess ion o f
sources o f res is tance i n c u l t i v a t e d g r o u n d n u t i d e n t i f i e d .
D r o u g h t / s h o r t - d u r a t i o n
Spodoptera
E a r l y lea f s p o t
L a t e l ea f s p o t
A f l a t o x i n
W e b b l o t c h
PStV
R u s t
C o l d t e m p e r a t u r e
Bac te r i a l w i l t
L e a f m i n e r
A c i d so i l s
W h i t e g r u b
C h i n a , I n d i a , ICRISAT
ICRISAT ( to lerance o n l y )
ICRISAT ( to le rance o n l y )
I n d i a , ICRISAT
ICRISAT
C h i n a , Z i m b a b w e
C h i n a ( to le rance o n l y )
C h i n a , I n d i a , ICRISAT
K o r e a
C h i n a , I n d o n e s i a , ICRISAT
I n d i a , ICRISAT ( to le rance o n l y )
P h i l i p p i n e s , C h i n a
N i l
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I t w a s e m p h a s i z e d t h a t g e r m p l a s m e x c h a n g e has t o b e a t w o - w a y process. T h e
u n r e s t r i c t e d a v a i l a b i l i t y o f g e r m p l a s m a n d b r e e d i n g m a t e r i a l s f r o m ICRISAT w a s
a p p r e c i a t e d b y a l l p a r t i c i p a n t s .
Breeding for improved seed quality
T h e m a j o r g a i n s t o d a t e h a v e b e e n i n i m p r o v i n g t he p h y s i c a l appea rance o f t he
seed . E f f o r t s s h o u l d n o w b e c o n c e n t r a t e d o n i m p r o v i n g t h e c h e m i c a l a n d
n u t r i t i o n a l q u a l i t y o f t h e seed .
T a b l e 1 . R a n k i n g 1 o f constraints t o g r o u n d n u t p roduc t ion .
C o u n t r y
C h i n a
V i e t n a m
K o r e a
I n d o n e s i a
P h i l i p p i n e s
T h a i l a n d
M y a n m a r
I n d i a
S o u t h e r n
A f r i c a

















































































































































































































































1. 1 = H i g h and 6 = Very low.
Suitable plant type for mulch technology
P o l y t h e n e m u l c h g r o u n d n u t p r o d u c t i o n t e c h n o l o g y w a s c o n s i d e r e d m o s t s u i t a b l e
f o r l a rge - seeded c u l t i v a r s w i t h a h a r v e s t i n d e x o f 0.5 to 0.6.
Seed production
Large -sca le seed p r o d u c t i o n o f i m p r o v e d c u l t i v a r s w a s r a t e d a h i g h p r i o r i t y
a c t i v i t y . I t w a s e m p h a s i z e d t h a t t h e seed s h o u l d a l w a y s b e p r o d u c e d u n d e r g o o d











































































































































Group 2. Soils, Agronomy, and Cultural Management
T h e g r o u p d i scussed m a j o r p r o d u c t i o n cons t ra in t s , e x i s t i n g t e c h n o l o g y f o r t he i r
a l l e v i a t i o n , a n d f u t u r e research needs a n d areas f o r research c o l l a b o r a t i o n .
D i s c u s s i o n o n c o n s t r a i n t s a n d m a n a g e m e n t t e c h n o l o g y concen t ra ted o n th ree
m a i n t a rge t p r o d u c t i o n zones .
H i g h yield potential zones
I n t e m p e r a t e areas w i t h t he p o t e n t i a l to p r o d u c e 4 t h a - 1 , these zones are
c h a r a c t e r i z e d b y g e n e r a l l y adequa te ava i l ab le so i l m o i s t u r e , s u m m e r s w i t h l o n g
d a y s , a n d m i l d t o w a r m t e m p e r a t u r e s d u r i n g t h e c r o p p i n g season. S h a n d o n g
P r o v i n c e w a s t a k e n a s a n e x a m p l e .
Major constraints to groundnut production
S h a l l o w , sandy , i n f e r t i l e so i l s , r e l e g a t i o n o f g r o u n d n u t t o r a i n f e d areas, l o w
t e m p e r a t u r e s i n s p r i n g a n d a u t u m n , a n d f o l i a r d iseases c a n b e l i m i t i n g .
Solutions available
E x i s t i n g t echno logy , i f d e m o n s t r a t e d a n d e x t e n d e d , c o u l d i m p r o v e y i e l d i n h i g h
p o t e n t i a l zones . P rocedu res s u c h a s c l ass i f y i ng so i l s s u i t a b l e f o r g r o u n d n u t
p r o d u c t i o n , d e e p p l o w i n g , i nc reas ing the i r r i g a t e d areas, i n c r e a s i n g a n d
o p t i m i z i n g t h e use o f f e r t i l i ze r s , a m e n d m e n t s , a n d o r g a n i c m a n u r e s , u s i n g
p o l y t h e n e m u l c h i n g t o es tab l i sh c rops ear l ier , c o n t r o l l i n g pests , diseases a n d
w e e d s b y u s i n g c h e m i c a l s , h o s t - p l a n t res is tance, a n d c r o p r o t a t i o n w o u l d a l l
c o n t r i b u t e t o h i g h e r y i e l d s . G r o u n d n u t s h o u l d be i n c o r p o r a t e d as a c r o p o f
e q u i v a l e n t s ta tus ( i .e. , l e v e l o f care) t o o t h e r m a j o r c rops i n t he r o t a t i o n (e.g.
w h e a t , m a i z e ) .
Intermediate yield potential zones
I n t h e t r o p i c s a n d s u b t r o p i c s , w i t h the p o t e n t i a l t o p r o d u c e 2-4 t ha - 1 , these zones
g e n e r a l l y h a v e a d e q u a t e w a t e r ava i l ab l e f r o m i r r i g a t i o n o r su f f i c ien t r a i n f a l l .
I r r i g a t e d g r o u n d n u t i n s o u t h e r n C h i n a , s o u t h e r n V i e t n a m o r i n r i c e - g r o w i n g
areas o f I n d o n e s i a w e r e c o n s i d e r e d as examp les .
Major constraints
So i l c h e m i c a l p r o b l e m s s u c h as n u t r i e n t de f i c ienc ies , tox ic i t i es (ac id i t y , a l k a l i n i t y ,
s a l i n i t y ) , s o i l p h y s i c a l p r o b l e m s , u n r e l i a b i l i t y o f i r r i g a t i o n , w a t e r l o g g i n g r e s u l t i n g
f r o m p o o r d r a i n a g e , l o w t e m p e r a t u r e i n t he sub t rop i cs , a n d excessive v e g e t a t i v e
g r o w t h a l l l i m i t y i e l d . O t h e r cons t ra in t s are caused b y d e f o l i a t i o n a n d o t h e r
d a m a g e b y insec ts , f o l i a r d iseases ( leaf spo ts , r u s t , v i r uses ) , w e e d s , p o o r
e s t a b l i s h m e n t , a n d s h o r t a g e o f seed o f i m p r o v e d va r ie t i es .
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Solutions available
Y i e l d c o u l d b e i m p r o v e d b y u s i n g a p p r o p r i a t e f e r t i l i ze r s a n d s o i l a m e n d m e n t s
(e .g . l i m e ) , g e n o t y p e s s u i t a b l e f o r d e l a y e d s o w i n g , a n d i m p r o v i n g the use o f
p e s t i c i d e s a n d h o s t - p l a n t res is tance. E x t e n d i n g the areas w h e r e g r o u n d n u t c a n b e
i r r i g a t e d , a n d i m p r o v i n g s o i l d r a i n a g e are a lso s o l u t i o n s .
L o w y i e l d p o t e n t i a l z o n e s
These p r o d u c t i o n sys tems o c c u r f r o m t r o p i c a l t o t e m p e r a t e r eg ions a n d p r o d u c e
<2 t ha - 1 i n sho r t - season , r a i n f e d , o r d r o u g h t - p r o n e c o n d i t i o n s . E x a m p l e s w e r e
r a i n f e d areas o f G u j a r a t a n d A n d h r a P r a d e s h i n I n d i a , a n d East Java i n I n d o n e s i a .
M a j o r constraints
A s i n t h e i n t e r m e d i a t e y i e l d p o t e n t i a l areas there are v a r i o u s s o i l p r o b l e m s a n d
p o o r y i e l d s r e s u l t i n g f r o m l o w p l a n t p o p u l a t i o n s a n d l a c k o f seed o f i m p r o v e d
va r i e t i es . D r o u g h t c a n b e d e v a s t a t i n g a n d pests s u c h a s a p h i d s , m i t e s a n d t h r i p s ,
a n d f o l i a r d iseases, b a c t e r i a l w i l t , a n d a f l a t o x i n c o n t a m i n a t i o n a lso cause l o w
y i e l d s .
S o l u t i o n s a v a i l a b l e
Y i e l d s c o u l d b e i m p r o v e d b y u s i n g s h o r t - d u r a t i o n a n d d r o u g h t - r e s i s t a n t va r i e t i es ,
w i t h m a x i m u m s u p p l e m e n t a l i r r i g a t i o n a n d a p p l i c a t i o n o f a p p r o p r i a t e f e r t i l i ze r s ,
s o i l a m e n d m e n t s , pes t i c i des , a n d s o w i n g o f d isease- res is tant va r i e t i es .
Future research needs and areas for collaboration
A l l g r o u n d n u t p r o d u c t i o n zones w o u l d bene f i t f r o m i n f o r m a t i o n exchange b y the
c i r c u l a t i o n o f n e w s l e t t e r s , access t o p u b l i c a t i o n s , a n d i n v o l v e m e n t i n n e t w o r k s ,
w o r k i n g g r o u p s , a n d r e g i o n a l m e e t i n g s .
G e r m p l a s m exchange o f h o s t - p l a n t res is tan t m a t e r i a l , a n d d i s s e m i n a t i o n o f
u s e f u l genes a m o n g p o t e n t i a l use rs c o u l d b e a c h i e v e d b y b i l a t e r a l exchange ( th is
i s e n c o u r a g e d ) a n d f a c i l i t a t e d b y C L A N / I C R I S A T a n d o t h e r i n t e r n a t i o n a l
o r g a n i z a t i o n s .
Possible areas for research collaboration
C o l l a b o r a t i v e a p p r o a c h e s t o a g r o c l i m a t i c ana l ys i s o f d r o u g h t e n v i r o n m e n t s ,
i n c r e a s i n g w a t e r a c q u i s i t i o n a n d w a t e r - u s e e f f ic iency, i m p r o v i n g s o i l s t r u c t u r e b y
s o i l m o d i f i c a t i o n , s o i l o r g a n i c m a t t e r s t u d i e s , a n d d i a g n o s i s o f m i n e r a l n u t r i e n t
i m b a l a n c e s t o d e v e l o p c o r r e c t i v e measu res w o u l d a l l b e bene f i c i a l .
I n t e g r a t e d p e s t a n d d isease m a n a g e m e n t c o u l d concen t ra te o n d e v e l o p m e n t
a n d u t i l i z a t i o n o f h o s t p l a n t res is tance, a p p r o p r i a t e u s e o f a g r o - c h e m i c a l s ,
p e s t i c i d e res is tance s t u d i e s , c r o p r o t a t i o n ef fects, a n d t he e c o l o g y o f n a t u r a l
p r e d a t o r s a n d a n t a g o n i s t s ( f u n g i a n d bac te r i a ) .
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C r o p p i n g s y s t e m s tud ies w o u l d bene f i t f r o m c o l l a b o r a t i v e research i n t o t he use
o f g r o u n d n u t i n r i ce -based c r o p p i n g sys tems, i n t e r c r o p p i n g o p t i o n s , a n d r e s i d u a l
ef fects i n r o t a t i o n s .
O t h e r areas o f research o f gene ra l a p p l i c a t i o n i n c l u d e s tud ies o n t he c h e m i c a l
r e g u l a t i o n o f p l a n t g r o w t h , h o w t o m a x i m i z e the p a r t i t i o n i n g o f p h o t o s y n t h a t e
i n t o p o d s , o p t i m i z i n g n i t r o g e n f i x a t i o n , p a r t i c u l a r l y w h e n u s i n g n i t r o g e n o u s
fe r t i l i z e r s , f u r t h e r d e v e l o p m e n t a n d d i s s e m i n a t i o n o f p o l y t h e n e m u l c h
t e c h n o l o g y f o r use i n s u b - t r o p i c a l w i n t e r s , a n d m e c h a n i z a t i o n t o i m p r o v e
e f f i c iency a n d r e d u c e costs.
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Group 3. Technology Transfer
T h e g r o u p i d e n t i f i e d cons t ra i n t s , needs , a n d o p p o r t u n i t i e s f o r t e c h n o l o g y
t rans fe r ; t e c h n o l o g i e s ava i l ab l e , a n d re la ted these to t e c h n o l o g y t rans fe r
expe r i ences i n A s i a ; a n d areas f o r a d a p t i v e research a n d research c o l l a b o r a t i o n i n
A s i a n c o u n t r i e s .
Constraints, needs, and opportunities for technology transfer
A t t he c o u n t r y o r r e g i o n a l l eve l there are l o w i ncen t i ves f o r a g r i c u l t u r a l
p r o d u c t i o n a l t h o u g h s o m e h a v e po l i c i es , p r i ces , a n d m a r k e t s t ha t e n c o u r a g e
f a r m e r s t o increase p r o d u c t i o n . S u c h po l i c i es n e e d t o b e i m p l e m e n t e d m o r e
w i d e l y . T h e a v a i l a b i l i t y o f c r e d i t / l o a n s t o b u y seed a n d o the r i n p u t s i s a n
i n c e n t i v e f o r f a r m e r s t o a d o p t h i g h - y i e l d techno log ies m o r e r a p i d l y C h i n a has
e s t a b l i s h e d a g o o d s y s t e m o f m a k i n g i n p u t s eas i l y ava i l ab le a t a p p r o p r i a t e t i m e s
a t v i l l a g e l e v e l . T h i s s y s t e m needs t o b e e m u l a t e d i n o the r n a t i o n a l p r o g r a m s .
T h e e x t e n s i o n se rv i ce i n m a n y c o u n t r i e s , a l t h o u g h p resen t , i s n o t e f f i c ien t o r
has b o t t l e n e c k s i n p r o v i d i n g necessary serv ices i n f a r m i n g c o m m u n i t i e s . N e w
t e c h n o l o g i e s n e e d t o b e d e m o n s t r a t e d t o f a r m e r s , a n d s h o w n t o b e e c o n o m i c a l l y
a t t r a c t i v e , a n d s i m p l e t o use , i f t h e y are t o b e accep ted . N e w app roaches , l i k e
i n t e g r a t e d pes t m a n a g e m e n t , c r o p r o t a t i o n , o r l a n d r e c l a m a t i o n , m a y n e e d the
c o o p e r a t i o n o f seve ra l f a r m e r s , a n d f a r m e r assoc ia t ions a n d techn ica l se rv ice
g r o u p s c a n a lso h e l p t o fos ter j o i n t a c t i o n .
T h e t rans fe r a n d a d o p t i o n o f t echno log ies m u s t b e s u p p o r t e d b y the
i m p r o v e m e n t o f i n f r a s t r u c t u r e s u c h a s r o a d s , c o m m u n i c a t i o n s a n d m a r k e t s .
Solutions available
These i n c l u d e the se lec t i on a n d use o f a d a p t e d c u l t i v a r s f o r each z o n e / c r o p p i n g
s y s t e m , a n d t h e use o f m e d i u m g r a d e seeds f o r s o w i n g (best q u a l i t y seeds can b e
u s e d i n f o o d o r con fec t i one ry , p o o r e s t f o r c o n s u m p t i o n o r o i l e x t r a c t i o n ) . I n each
area d e p e n d i n g o n the c r o p p i n g s y s t e m , c r o p r o t a t i o n s tha t m a i n t a i n f e r t i l i t y a n d
d i s c o u r a g e the b u i l d u p o f pes ts , d iseases, a n d n e m a t o d e s s h o u l d b e e n c o u r a g e d .
T h e so i l s s h o u l d b e e n r i c h e d b y o r g a n i c m a n u r e s a n d the r a t i o n a l a p p l i c a t i o n o f
c h e m i c a l f e r t i l i z e r s . T h e p l a n t p o p u l a t i o n s h o u l d b e o p t i m a l f o r the so i l t y p e a n d
m o i s t u r e a v a i l a b i l i t y .
T o assist c r o p e s t a b l i s h m e n t , w h e r e a p p r o p r i a t e , p o l y t h e n e m u l c h s h o u l d b e
u s e d , a n d p l a n t g r o w t h r e g u l a t o r s a p p l i e d t o assist p a r t i t i o n i n g , i f these are
e c o n o m i c a l . W h e r e v e r w a t e r i s a v a i l a b l e , c r o p s s h o u l d b e i r r i g a t e d a t c r i t i c a l
s tages.
T h e use o f s m a l l m a c h i n e s f o r s o w i n g a n d h a r v e s t i n g s h o u l d b e e n c o u r a g e d t o
save l a b o r costs, a n d losses d u e t o pests a n d diseases m i n i m i z e d b y i m p r o v e m e n t
i n s to rage fac i l i t i es a n d t e c h n i q u e s . T h e l oca l d e m a n d f o r g r o u n d n u t c o u l d b e
inc reased b y i m p r o v i n g l o c a l p r o c e s s i n g o r i m p o r t i n g a n d m o d i f y i n g t he
p r o c e s s i n g t e c h n o l o g y f o r l o c a l use.
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Areas for future adaptive research and research
collaboration in Asian countries
D e v e l o p m e n t o f i m p r o v e d c u l t i v a r s ( h i g h y i e l d , q u a l i t y ) , i m p r o v e m e n t i n stress
to l e rance ( to b o t h b i o t i c a n d ab io t i c stresses), m a n a g e m e n t o f stress fac to rs ( I P M ,
etc.) , a n d research o n i r r i g a t i o n m a n a g e m e n t , n u t r i e n t ba lances, a n d n u t r i e n t
c y c l i n g w i l l a l l l e a d t o i m p r o v e d c r o p p r o d u c t i o n . T h e d e v e l o p m e n t o f s m a l l
m a c h i n e r y a c c o r d i n g t o n a t i o n a l needs , o r t he use o f ava i l ab le m a c h i n e s , m o d i f i e d
f o r m u l t i p l e p u r p o s e s w i l l encou rage p r o d u c t i o n o v e r la rger areas.
E m p h a s i s o n f a r m e r p a r t i c i p a t o r y o n - f a r m research a n d exchange p r o g r a m s
f o r s c i e n t i s t s / t e c h n i c i a n s / e x t e n s i o n p e r s o n n e l t o s t u d y i n l e a d i n g c o u n t r i e s , a n d
t o e x t e n d t he k n o w l e d g e g a i n e d t o t he i r o w n coun t r i es , w i l l ensure a l o n g t e r m
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About ICRISAT
The semi-arid tropics (SAT) encompasses parts of 48 developing countries including
most of India, parts of southeast Asia, a swathe across sub-Saharan Africa, much of
southern and eastern Africa, and parts of Latin America. Many of these countries are
among the poorest in the wor ld . Approximately one-sixth of the world's population
lives in the SAT, which is typified by unpredictable weather, limited and erratic rainfall,
and nutr ient-poor soils.
ICRISAT's mandate crops are sorghum, pearl millet, finger millet, chickpea, pigeonpea,
and groundnut; these six crops are vital to life for the ever-increasing populations of
the semi-arid tropics. ICRISAT's mission is to conduct research which can lead to
enhanced sustainable production of these crops and to improved management of the
limited natural resources of the SAT. ICRISAT communicates information on
technologies as they are developed through workshops, networks, training, library
services, and publishing.
ICRISAT was established in 1972. It is one of 16 nonprofit, research and training
centers funded through the Consultative Group on International Agricultural
Research (CGIAR).The CGIAR is an informal association of approximately 50 public
and private sector donors; it is co-sponsored by the Food and Agriculture
Organization of the United Nations (FAO), the United Nations Development
Programme (UNDP), the United Nations Environment Programme (UNEP), and the
Wor ld Bank.
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